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SECTION 1.0

INTRODUCTION

The hazardous waste incinerator rules now in effect at 40 CFR Part 264,
Subpart 0 establish three performance standards. Incinerators burning hazard-
ous waste must achieve a destruction and removal efficiency (DRE) of
99.99 percent for each Principal Organic Hazardous Constituent (POHC) desig-
nated for each waste feed. Metals emissions are controlled indirectly by a
particulate matter emissions 1imit of 180 milligrams per dry standard cubic
meter (or 0.08 gr/dscf). Finally, hydrogen chloride emissions are controlled
by a standard that requires emissions to be reduced by 99 percent if emissions
exceed 4 1b/h.

EPA is proposing to amend the hazardous waste incinerator reguilations to
provide improved control of toxic metals emissions, hydrogen chloride emis-
sions, and residual organic emissions. The proposal will establish risk-based
emission limits for individual toxic metals listed in Appendix VIII of 40 CFR
Part 261. The limits would be back-calculated from ambient levels that EPA
believes pose acceptable health risk. To reduce the burden to the applicant
and permitting officials, EPA has developed conservative screening limits., If
the screening 1limits are not exceeded, emissions do not pose unacceptable
risk. If the screening limits are exceeded, however, site-specific dispersion
analysis would be required to demonstrate that emissions would not result in
exceeding acceptable ambient levels. EPA is proposing to regulate HC1 under
the same risk-based approach proposed for metals.

The proposal will also limit emissions of products of incomplete combus-
tion (PICs), that may be present at levels that could pose significant health
risk. The complete combustion of all hydrocarbons to produce only water and



carbon dicxide fis theoretical and could occur enly under idea’ conagizis-~s.
Real-world combustion systems (e.g., incinerators, fossil fuel stezam gerera-
tars, c¢iesel engines), nowever, virtually always produce PICS, some o; anich
rave deen letermined to be highly toxic. EPA believes that requiring inciner-
ators to operate at high combustion efficiency is a prudent approach to mini-
mize the potential health risk posed by PIC emissions. Given that stack gas
carbon monoxide (CO) is a conventional indicator of combustion efficiency and
a conservative indicator of combustion upsets (i.e., poor combustion condi-
tions), the proposed rule would 1imit CO emissions to a de minimis level that
ensures high combustion efficiency and low unburned hydrocarbon emissions. In
cases where the de minimis CO limit {s exceeded, the owner or operator would
be required to demonstrate that higher CO levels w~ould not result in hydro-
carbon emissions that could pose significant health risk or to comply with a
de minimis level consistent with good operating practices. Conservative,
risk-based emission limits were deveioped for hydrocarbon emissions similar to
those for metals and HC1.

This document discusses proposed measurement methods that will be
required to implement the proposed amendments to the incinerator rules.
Section 2 presents a summary of these measurement requirements. Sections 3
through 7 discuss the methods. The specific methods discussed are appended.



SECTION 2.0

SUMMARY OF MEASUREMENT REQUIREMENTS

The proposed amendments to CFR Part 264, Subpart O will provide limits
for toxic metals, hydrogen chloride (HC1), and carbon monoxide (CQ) as a sur-
rogate for products of incomplete combustion (PIC). A variety of measurements
will be required to determine compliance with feed and emission rate screening
1imits and to provide data necessary for corrections applied to the CO emis-
sion levels. These measurement requirements are summarized in Table 2.1 and
discussed below. The proposed amendments should be referred to for a descrip-
tion of the specific limitations.

fual-level CO monitors will be required to measure both high and low con-
centrations accurately for calculation of the hourly rolling average and for
the peak and Tower level limit used in the alternate format. A single-lavel
monitor is adequate for the continuous oxygen measurements. The measurement
ranges required for these monitors are from a low value of zero to a high
value as follows:

1. For the low range CO measurement, the high level value is set
between 1.5 times the permit limit and a span value of 200 ppm for
Tier | and 2 times the permit 1imit for Tier II.

2. For the high range CO measurements, except for Tier II using the
alternate format, the high Tevel value is set between 2000 ppm as a
minimum and a span value of 3000 ppm.

3. For the high range CO measurement under Tier [I using the alternate
format, the high level value is set at a span value of 1.1 times the
permitted peak value.



TABLE 2.1. SUMMARY OF MEASUREMENT REQUIREMENTS

Proposed
paragraph in
§264.343 Limitation Measurements required
(b)(1)(1) Tier I CO limit Continuous CO concentration
~ Continuous oxygen concentration (for rolling average format)
Oxygen level during trial burn (for alternate format)
Moisture level during trial burn (if CO measured as wet gas)
(b) (1) (11) Tier II CO limit and Same as Tier I plus the maximum hourly average total hydro-
THC screening or carbon concentration during the trial burn
de minimis limits Standard, dry stack gas flow rate
(d)(2) Metals* feed rate Concentration of specified metals in the waste
screening limits Waste feed rate
(d)(3) Metals* emissions rate Stack emission rates of specified metals
screening limits Standard, dry stack gas flow rate
(e)(2) HC) feed rate screening Concentration of total chlorine in the waste
limits Waste feed rate
(e)(3) HC1 emission rate Stack emission rate of HC}
' screening limits Standard, dry stack gas flow rate

* Metals of concern are: arsenic, cadmium, chromium, beryllium, antimony, barium, lead, mercury,
silver, and thallium.



i,  For 2xygen, the hnigh Tevel vaiue 1is set petween 1.5 Z°7es <rs
highest level mneasured curirg the trial burm ard a scan /i e =°
25 percant,

Typical measurement requirements for oxygen and moisture trial burn Jevels
will be about S5 to 15 percent for oxygen and up to about 6Q percent for
moisture.

The THC, metals, and chlorine measurements need to provide accurate con-
centration data that correspond to the range of feed rate and emission rate
screening values in the proposed regulations. These concentration values are
shown on Table 2.2. The low ends of the concentration ranges on Table 2.2
were calculated by matching the smallest compound rates in the screening
tables with the high end of the range of typical waste feed rate and stack gas
flow rates for hazardous waste 1incinerators. The high concentrations
correspond to the highest compound rates and lowest waste feed and stack gas
flow rates. The waste feed rate and stack gas flow rate ranges were derived
from data on eight hazardous waste incinerators found in the EPA Report (EPA
600/2-84-181d) entitled, “Performance Evaluation of Full Scale Hazardous Waste
Incinerators Volume 4." The range of waste feed rate and stack gas flow rates
are 1.7 x 107s to 6.7 x 10”* mg/s, and 1,000 to 30,000 dscf/m, respectively.
[t is very unlikely that measurements near either end of the ranges will be
needed. The low end represents screening values that correspond to short
stacks and high waste feed or stack gas flow rates, an unlikely combination.
The converse is true at the high end of the ranges.

The stack gas flow rate and waste feed rate measurements shown on
Table 2.1 are necessary to convert concentration values measured by the
methods in this document to emission and waste feed rates. These measurements
are the same as required under the existing regulations and are not covered in
this document.

Sampling methods for waste are also required under the existing requla-
tions and are not covered in this document.



TABLE 2.2. RANGE OF MEASUREMENT LEVELS FOR THC, METALS, AND HC)

Stack concentration and sampling train mass
for emission rate limits

Waste concentration for

Compound feed rate limits (ug/g) Conc. (uwg/dscf or as noted) Mass (mg)?

THC - 1 ppm - 4%

Arsenic 0.1 - 4 x 103 0.06 - 4 x 103 0.004 - 3 x 10?
Cadmium 0.4 -7 x 103 0.1 - 1 x 10v 0.006 - 6 x 102
Chromius® 0.07 - 1 x 103 0.02 - 1 x 103 0.001 - 6 x 10
Beryllium 3 -7 x 104 1 -6x 103 0.06 - 4 x 103
Ant imony 20 - 5 x 10s 8 -5x 105 0.5 - 3 x lov
Barium 4,000 - 7 x 107 1,000 - 6 x 107 60 - 4 x 106
Lead 7 -1 x10s 2 -2 x 108 0.1 - 1 x 10v
Mercury 100 - 4 x 106 60 - 4 x 10s 4 - 3 x 10»
Silver 200 - 5 x 10s 80 - 5 x 106 5 - 3 x 10%
Thallium 20 - 5 x 10s 8 -5 x 10% 0.5 - 3 x 10
Total chlorine 100 - 6 x 10% - -

HCY - 50 - 6 x 108 3 -4 x 10"

8 Based on 60-ft3 sample volume (approximately 0.5 cfm for 2 h).

b Chromium can be measured as either total chromium or chromium(VI).



SECTION 3.0

CONTINUQUS MEASUREMENT QF CARBON MONOXIDE AND OXYGEN

The "method" for continuous emission monitoring of CO is in the format of
a performance specification. The performance specification provides specific
performance criteria that must be met by the monitoring system but does not
specify the type of instrument which must be used nor provide specific design
criteria for the monitoring system. This format is chosen for three rea-
sons. First, the most important evaluation criteria for a continuous emission
monitoring system is how the system performs; i.e., does the system provide
accurate, precise, and reliable results. Second, many different types of CO
analyzers exist and the instrument technology i{s constantly changing.
Specification of a specific method (i.e., a specific instrument) does not
allow flexibility to the owner/operator in choosing the monitoring system that
bast suits their needs and will perform best for their application. The
development of specific methods which specify design criteria for all accept-
able monitoring systems would be an insurmountable task. Third, this approach
has previously been successfully used by the U.S. EPA in specifying monitoring
requirements for sulfur dioxide and nitrogen oxides from stationary sources of
air pollutants (Performance Specification 2, 40 CFR 60, Appendix B).

The CO T1imits for hazardous waste incinerators require that the CO con-
centration be normalized to a constant stack gas oxygen level (i.e., corrected
for the amount of dilution by excess or "diluent” air); the normalization used
is 7 percent oxygen. This normalization requires measurement of the oxygen
concentration, and, depending upon the permit format, continuous measurement
of oxygen may be required. Therefore, the performance specification includes
performance standards for oxygen monitors.



Tne performance specification is used tO evaluate the entire csntiruzws
emissian monitar g system's (CEMS) performance just after its inmitial ‘nmg=a -
‘ation, calibraticn, ang snakedown period ta determine if the CEMS merforms ‘n
an acceptable manner. The performance specification dces not include proce-"
dures for routinely (i.e., daily, weekly, monthly, etc.) assessing monitor
performance and calibration. Calibration requirements are addressed in
Section 3.2. A separate quality assurance program should be established to
assure that acceptable calibration and performance is maintained. [t is
appropriate for the performance specification (or selected parts of the
specification) to be used periodically (e.g., annually) as part of the QA

program. Following are general guidelines for a QA program:

1. Conduct a daily calibration check for each monitor. Adjust the
calibration if the check indicates the instrument's calibration
drift exceeds the specification established in Appendix A.

2. Conduct a daily system audit. Ouring the audit, review the calibra-
tion check data, inspect the recording system, inspect the control
panel warning lights, and inspect the sample transport/interface
system (e.g., flowmeters, filters), as appropriate.

3. Conduct a quarterly calibration error test at the span midpoint.
4, Repeat the entire performance specification test every second year.
The remainder of this section discusses types of monitoring systems and

data reporting and calibration. Appendix A contains the performance
specifications.

3.1 TYPES OF CARBON MONOXIDE AND OXYGEN CONTINUOUS EMISSION MONITORING
SYSTEMS

CO0 and oxygen monitors can be classified according to the anmaiytical
methods employed; current methods empioyed include:



For carhcn moroxide--

a. Nondispersive infrareaq spectrametry (NOIR)
b. Gas filter correlatian nondispersive infrared spectramenry
(GFC)

c. Electroanalytical methods (catalytic oxidation, polarographic)
d. Gas chromatography (GC), and
e. Fourier transform infrared spectrometry (FT-IR)
For oxygen--
a. Electroanalytical methods (catalytic oxidation, polarographic,
and paramagnetic), and

b. Gas chromatography

A CEMS system also can be designed to monitor a flue gas using any one of
three basic approaches. These are:

1. Extractive--the sample gas is extracted from the flue, conditioned,
and transported to a remote analyzer.

2. In situ--the sensing portion of the anmalyzer is physically located
in the flue gas stream and the flue gas flows through or over the
sensor.

3. Cross-stack--the sensing portion of the analyzer is mounted on the
duct and the analyzer projects a sensing beam across the stack
through the flue gas.

With the exception of gas chromatography, all of these types of analyzers and
the three basic approaches can potentially meet the criteria established in



the cerformance specification., Gas chrematigraphy cannot meet <ne mramyiea-
ments pecause the specification defimes a continmucus emission Toni=ar as 3
cevice in which 'tne sampie £3 be analyzed passes ~he measurement section =7
the analyzer without interruption and which evaluates the detector respense %3
the sample at least cnce each 15 s.” A gas chromatographic system does not

meet these criteria.

~

The theories of operation for the different analyzer types, the evalua-
tion criteria for choosing a system/analyzer type, and the system design
details are too complex and lengthy to discuss in this document. However,
several documents which discuss this information, in general, for CEMS are
publicly available. These are:

. "Continuous Air Pollution Source Monitoring Systems," J. Jahnke,
EPA 625/6-79-005, June 1979.

. Gaseous continuous Emission Monitoring Systems--Performance
Specification Guidelines for SO,, NO_, CO;, 0,, and TRS. U.S. EPA,
EPA-450/3-82-026, October 1982, NTIS P8 83-161646.

3.2 REPORTING AND CALIBRATION

This section addresses continuing reporting and calibration. Consistent
reporting is necessary to provide a clear continuing measure of compliance
with the proposed regulations, and routine calibration ensures continuing data

quality. The paragraphs below detail these recommended reporting and calibra-
tion requirements.

(a) A1l continuous monitoring systems should be installed and opera-
tional prior to conducting the trial burn. Verification of operational status
should include completion of the manufacturer's written requirements or recom-
mendations for installation, operation, and calibration of the device.

(b) wWithin 120 days prior to or during a trial burn, a continuous
monitoring system performance evaluation should be conducted and a written
report of the results prepared. (It is highly recommended that the perfor-
mance tests be conducted prior to the trial burn to verify that the monitors
are operating properly during the trial burn.) These continuocus monitoring
system performance evaluations should be conducted in accordance with the
requirements and procedures contained in Appendix A of this document.

10



(c) The zero (or low level value between Q0 and 20 mercent of F.1° <=
Teasurament rarge) ard span (30 to 100 percant of fyll scale measyrasmer-
~irce) calibration arifts snould be cnecked at least ance daily im accorcarcs
~ith 3 written procedure. The zero and span should, as a minimum, be adjusted
~henever the 24-h zero drift or 24-h span drift exceeds two times the limizs

12
12

(%)

of the performance specification. The system must allow the amount of excess
zero and span drift measured at the 24-h interval checks to be recorded and
quantified.

(d) Except during calibration checks recommended under paragraph (c)
above, all continuous monitoring systems should be operated continuocusly when
hazardous waste is incinerated and should meet minimum frequency of operation
requirements as follows:

(1) Systems for measuring CO emissions should complete a minimum of one
cycle of sampling and analyzing for each successive 15-s period and one cycle
of data recording for each successive l-min period. Both the l-min average
and the most recent 60-min average are calculated as an arithmetic average (as
follows):

1 n
Avg =5 121 X1

where: n = number of observations
Xy = individual observations

(2) Systems for measuring oxygen for correction of CO emission con-
centrations should complete a minimum of one cycle of operation (sampling,
analyzing, and data recording) each successive 1S5-min period.

(e) A1l data from CO continuous monitoring systems should be reduced to
1-min averages for recording. For Tier I and Tier II rolling average permit
formats, the l-min averages should be used to calculate and record a 1l-h
rolling average at l-min intervals. The waste feed cut-off mechanism should
be activated by the l-h rolling average. For alternate Type B permit formats,

11



l-min averages srall be recorded. However, the clock-timer Jsed t3 Teas.-o
tre accumuiated time apove tne permittad 1imit and ty activate was-e faeaq ~_-.
of f spcu ¢ interact with the 15-s sample/analyze cycle of :the CJ mani=ar..
0ata recorced during zero and span calibration checks should not be includes

in the data averages computed under this paragraph.

A1l data should be recorded in the reduced units applicable to the permit
limit (i.e., CO normalized to 7 percent 0,). Where 0, is required to be con-
tinuously monitored, the value used to calculate the normalized CO concentra-
tion must be measured and entered into the calculation at least every
15 min. The continyous correction to 7 percent oxygen in the stack gas fis
made according to the formula:

14
Qe =Cp*r—v

where CO. is the corrected concentration of CO in the stack gas, COy is the
measured CO concentration, and Y is the measured oxygen concentraticn on a dry
basis in the stack. Oxygen must be measured at the same stack locatfon that
CO0 is measured.

When oxygen enriched air 1s used for incineration, a different correction
factor {is necessary to account for the reduced volume of gas. The corrected
CO concentration for the oxygen enriched system can be calculated as follows:

where E is the oxygen concentration in the enriched combustion air (e.g.,
30 percent), and Y is the measured oxygen concentration in the dry stack
gas. When the enriched oxygen concentration, £, is not known or is antici-
pated to vary, as in cases of significant air inleakage or variable combustion
aii- supply, alternative correction factors based on the measured CO,
concentrations in the stack gas are available in the literature.!

1 Garg, S., and Castaldini C., "Derivation of oxygen correction factors for

ci;ggen enriched incinerators,* JAPCA Jowmal, 39, pp. 1462-5, November

12



SECTION 4.0

METHODS FOR MOISTURE AND OXYGEN MEASUREMENTS

If the CO and/or the oxygen continuous emission monitors measure the
effluent gas on a wet basis, then moisture measurements will be required
during the trial burn and at intervals specified by the permit writer there-
after. Moisture measurements are made using Reference Method 4--0etermination
of Moisture Content in Stack Gas, or in conjunction with Reference Method 5--
Oetermination of Particulate Emissions from Stationary Sources; both methods
are published in 40 CFR 60, Appendix A.

When the alternate time above a CO limit format is used, oxygen measure-
ments need not be continuous for the life of the permit. Rather, they are
performed annually or on a more frequent basis as specified in the permit.
For these intermittent measurements, Reference Method 3--Gas Analysis for Car-
bon Dioxide, Oxygen, Excess Air, and Ory Molecular Weight (40 CFR 60) is the
method used. Method 3 presents several optional procedures. The methad to be
used is single-point, integrated sampling (multipoint integrated sampling at
the permit applicant's option) with analysis for oxygen by ORSAT. Alterna-
tively, Reference Method 3A--(etermination of Oxygen and Carbon Dioxide Con-
centrations in Emissions from Stationary Sources (Instrumental Analyzer
Procedure) may be used.

Copies of these methods are in Appendix B of this document.

13



SECTION 5.0

METHOD FOR TOTAL HYDRQOCARBON MEASUREMENT

Measurement of total hydrocarbon (THC) concentration in incinerator stack
gases will be required during trial burns if the proposed Tier II Carbon Mon-
oxide (CO) 1imit is used. The THC is used as a surrogate for total organic
emissions. The method selected is a modification of EPA Method 25A (48 FR
37595, 8/18/83) which uses a flame ionization detector (FID). The modifica-
tion specifies the temperatures that need to be maintained for a heated system
and the specification of a sample gas conditioning system for moisture removal
in an unheated system.

[deally, a heated THC monitoring system would be used. In a heated THC
system the temperature of the sample gas is maintained well above the moisture
dew point temperature, above 150°C (300°F), throughout the entire system
(i.e., the sample 1line, particulate matter filter, sample pump, and ana-
lyzer). The advantage of the heated THC system is that condensation of the
organic compounds contained in the sample gas is minimized within the sample
transport system. Typical unheated systems use condensate traps to “condi-
tion" the sample gas by condensing moisture (and organic compounds). With
this unheated method, more semivolatile organic compounds are condensed and
water-soluble volatile compounds may also be removed from the sample gas with
the moisture. These compounds would not reach the analyzer and be detected.
Thus, the THC readings from the unheated monitoring system are less than the

14



actdyal quartity cf total organic emissions. Several studies!®2’? have seer
dare w~nere zaral’el measyrements ~ere made with both the heated and urrea-s-
systams, and 1t «as found tnat measurement readings by a hot system are nigre-
Than tncse 2y & cold system by up to a factor of 5.

The disadvantage of a heated system is that the sample handling system is
more complex because all components must be heated to ensure that condensation
does not occur anywhere in the system. This complexity may result in operat-
fng and maintenance problems. Currently, the ability to operate and maintain
a heated THC system over an extended period of time has not been adequately
demonstrated, although such systems have been routinely used for short periods
of time during trial burns and research tests for several years.%?5’6

A recent survey? conducted by EPA/OSW indicates that six hazardous waste
incinerators currently monitor THC on a continuous basis using FID monitors,
but none of them uses a fully heated system. The monitoring systems currently
being employed are varied and typically utiiize a sample conditioning system
which cools the sample gas to remove moisture and prevent condensation within
the analyzer. One facility bubbles the sample gas through a water column as a
part of sample conditioning. Three facilities use heated sample lines. Since

Ll

EPA, Measurement of Particulates, Metals, and Organics at a Hazardous Waste
Incinerator, November 1988, NTIS No. PB89-230668.

Midwest Research [nstitute, "Oraft Pretest Report--Ash Grove Precalcines
Kiin," EPA Contract No. 68-01-7287, October 17, 1989.

Entropy Envirommentalists, Inc, "Evaluation of CO and THC Analyzers for
Waste Incinerator Emission Measurement," Oraft Report, EPA Contract
No. 68-02-4442, October 1989.

Trenholm, A., P. Gorman, and G. Jungclaus, “"Performance Evaluation of Full-
Scale Hazardous Waste Incinerators. Volume 2 - Incinerator Performance
Results," EPA-600/2-84-181b, PB85-129518, November 1984.

Hlustick, Owight, Memo to Shiva Garg, "Summary of THC Measurements in
Cement Kilns," October 20, 1988.

Shamat, Nadim, Letter to Eugene Crumpler and attached progress report on
THC analyzer evaluation study, October 3, 1989.

Trenholm, A., and Williams, 0., "THC Monitor Survey,"* Draft Final Report,
EPA Contract No. 68-01-7287, MRI, June 30, 1989.

(L]

(2]

¥

~
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there are ro requirements to monitar THC thus far and no specificazicns “ar
the menitirtng systems were provided, such variations are not suraris-~g.

The oraposed regalations for sewage sludge incinerators® mandats the ;sé
of a heated THC system. In order to validgte the heated THC system, the EPA,
Qffice of Water, in a cooperative effort with the Metropolitan Waste Contral
Commission in St. Paul, Minnesota, has been operating and ﬁbnitoring the
performance and availability of a heated THC system; and the results, thus far
after 6 months' usage, have found no problems with the heated THC monitoring
system,§

As such, while the EPA recommends and encourages the use of heated
systems, it does not mandate its use because of lack of available use experi-
ence. An alternative specification of an unheated monitoring system has been
provided. In such a system, however, the potential for removal of some of the
organic compounds from the sample gas during conditioning is of concern.
Consequently, some criteria must be established for the conditioning system.

The unheated THC monitoring method requires the moisture removal device
in the sample conditioning system to be maintained at a temperature between
5°C (40°F) and 18°C (64°F). The lower bound temperature has been specified
for three reasons. First, during EPA's survey, saveral systems utilizing a
chiller/condensor operating at or above this temperature were identified.
Reliable operation of these systems has been demonstrated. Second, allowing
the sample gas temperature to be lowered to 5°C to remove moisture effectively
allows the remainder of the sample transport system to be operated at ambient
temperature; if a chiller/condensor is used to condense the maisture from the
gas stream at 5°C, then condensation within the remainder of the samplie
transport/analysis system at ambient temperatures will not be a problem. If,
for example, a minimum allowable temperature of 20°C (68°F) was specified,
then the entire conditioning/sample transport system would need to be main-
tained above this temperature to prevent condensation within the system. This
specification would effectively require the entire system to be heated since

8  Sewage Sludge Incineration Proposed Rule, Federal Register, February 6,
1989.
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cperatinrg at ambiant temperatures w~ould not ensure against fur<her zzrgersa-
tior.  Third, at 5°C, the saturated moisture concantratign af zne jas snraa-

L a
wl o

Je aocut 0.8 percent. Several vendors of FIQ instruments contac-a:
ingicatac that the moisture content of the gas delivered to the FIO should be
less than 2 to 5 percent; at 5°C, the moisture content is well below this
level. The upper bound temperature is specified to ensure sufficient moisture
removal for reliable operation of the monitor. At 18°C, the moisture content

is about 2 percent.

Different techniques for removal of moisture from the sampling stream are
available to the user, and the user should choose the technique(s) best suited
for their application. Techniques available generally include some form of
chiller/condensors. Scrubbers which purge the sample gas through water or an
alkaline solution are not recommended as part of the conditioning system
because of the potential for absorption of organric compounds. An alternative
approach is the use of dilution air to reduce the dewpoint of the sample gas;
obviously, the use of dilution air also decreases the THC concentration. This
approach is not recommended since the concentration of organic compounds in
the sample gas is anticipated to be low (< 100 ppm) and dilution will further
decrease the concentration to levels near the detection 1limit (e.g., a 10:1
dilution will reduce an 80-ppm measurement to 8 ppm).
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SECTION 6.0

CHLORIDE MEASUREMENTS

This section addresses measurement of HC1 in stack emissions and deter-
mination of the chlorine content of waste.

6.1 HC1 EMISSION MEASUREMENTS

Hydrochloric acid (HC1) emissfons are currently measured using a CEM or
manual methods consisting of a collection train and/or analytical procedure.
Two collection trains employed for the manual collection of anm HC1 sample are
midget impingers or, most frequently, the back half of the EPA Method S. The
back half of a metals collection train can also be used. The HC1 sample is
recovered from the condensate and impingers which contain a trapping solu-
tion. The analysis on the chloride samples can be performed using one of a
variety of chloride procedures; however, ion chromatography is the recommended
method.

6.1.1 General Considerations

There are several assumptions made when sampiing emissions for HC1. The
analytical methods that are employed respond to the chloride ion. Any organic
halide, being nonionic, will therefore not interfere. The assumption is
therefore made that a sampling train containing a fiiter will collect all of
the inorganic chlorides on the filter and pass HC1 to be collected in the
impingers. This assumption is reasonable for most wastes since only metallic
halides such as mercury, arsenic, and antimony are not expected to be volatile
at filter temperatures and consequently will not pass the heated filter.
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The analytical methods that have reen employed for chloride ira'ysis arz
generally r~eferred tg as interferercz free. This statement s made -eca_sa
nany of the methods were developed for surface w~ater amalysis in wnicn Tarze
guantities of bromine, icdine, and cyanides are generally not found. These *
ions generally do not cause a problem faor the recommended ian chromatograpny
method. However, it appears probable that some waste may contain high levels’
of these ions, in which case the other chloride methods would be positively
biased. From the standpoint of controlling chloride emissions, this may be
unacceptable for regulatory tests since the reported value would always be

higher than the actual value.

6.1.2 Discussion of Sampling Methods

The HC1 emissions are normally sampled by extracting a gas sample from
the stack and absorbing the HC1 in an absorbent. The sampling train consists
of a Teflon mat particulate filter, the absorption solution, and a provision
of measuring the sampled gas voiume. The EPA Method 5 train, an EPA Method 5
train modified for metals, or a specific impinger train have all been em-
ployed. The M5 trains are normally used when HC1 {s to be collected in addi-
tion to sampling for particulates or metals. If sampling is to be performed
for only HCl1, then a specific impinger train is employed. For sampling HC1
using the M5 as described in the Federal Register, the procedures are followed
except that the water in the 1impingers 1is replaced with an adsorbing
solution. A draft EPA method for HC1 sampling is in Appendix 0.

A solution of sodium or potassium hydroxide has frequently been used to
absorb the HC1. This approach has been satisfactory except that the solution
also absorbs the other acid gases contained in the sample including carbon
dioxide (CO4). The use of the hydroxide solution therefore requires that a
correction be applied to the sample volume for the gases that were removed
before the gas volume meter in the sampling stream. This correction may be
avoided by substituting other solutions for the hydroxide. There is a lack of
consensus on the impinger reagent most appropriate for collection of HCI.
Sodium carbonate solution has been recommended, since this reagent will not
absorb CO,. There is evidence to suggest that caustic reagent is not
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recessary, and that HC1 is efficiently tracped in any aqueous medium. ¢ «~-

[va)

fs t-ue, tren distilled water (e.g., ASTM Type [l reagent water) may 22 <-
reagert of choice for collection cof HCI. The draft metnod in Appenc: <
reccrmenas dilute acid solutions in the second and third impingers witn a
dilute caustic solution in the fourth impinger.

L) (b

6.1.3 Discussion of Analysis Methods

A number of analytical methods have been employed to analyze the impinger
catch for HC1. These methods include the automated ferricyanide colorimetric
Methods 9250 and 9251 and the titrimetric Method 9252 from SW-846, ion
chromatography ASTM Method 0-4327-84 and EPA Method for Chemical Analysis of
Water and Wastes, and Method 300.0.

lIon chromatography (IC) is the preferred method. The cost per run using
IC is considerably greater than the colorimetric of titrimetric procedures:
however, IC provides the only convenient method of quantitating the individual
halogens. Since each run measures a number of ions, the cost per fon becomes
competitive when each must be measured. Because of the greater detail pro-
vided, the ASTM D-4327-84 procedure is recommended over Method 300.0. A draft
EPA method for ion chromatography analysis of HC1 is in Appendix 0.

The other methods mentioned above may be suitable in some circumstances.

6.2 CHLORIDE DETERMINATIONS IN WASTE

The proposed regulations will require analysis of total chloride in waste
samples. It has been found that organochlorine is essentially completely
converted to HC1 and, when a source of hydrogen fons is present, inorganic
chlorides are also converted to HC1. Thus, the measurement of only organic
chloride is not enocugh. Acceptable methods include ASTM Methods D-808-81 or
£442.
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SECTION 7.0

METALS MEASUREMENTS

This section covers the measurement of toxic metals in stack gases and
waste. The section addresses the sampling and analysis of the 10 metals of
concern described in Section [[.B of the Oraft Preamble for Hazardous Waste
Incinerator Regulations. The metals consist of the carcinogens arsenic,
beryllium, cadmium, and chromium(VI) and the noncarcinogens antimony, barium,
lead, mercury, silver, and thallium. The proposed metals train sampling
procedure addresses metals found in the stack gases as particulates or vola-
tile metal vapors. The methods of sampling and analysis for the 10 metals are
summarized in Table 7.1.

7.1 SAMPLING AND ANALYSIS OF WASTE

The sampling and analysis of wastes are adequately addressed by specific
sections in SW-846. These sections consist of Chapter 3 of Part I, which con-
tains a discussion of sampling considerations and sample preparations, and
Methods 3005, 3010, 3020, 3040, and 3050, which cover various methods of
digesting the samples prior to analysis.

In Section 3.3 of SW 846 methods are provided for the analysis of all 10
of the metals of interest. The methods consist of Method 6010, inductively
coupled plasma atomic emission spectroscopy (ICP), direct aspiration, and
furnace atomic absorption. In addition, the gaseous hydride Method 7061 for
arsenic and the manual cold-vapor techniques for mercury consisting of
Method 7470, mercury in liquids, and Method 7471, mercury in solids, are also
described. Four methods are provided for the analysis of hexavalent chromium.
.A11 of these methods should prove satisfactory for the analysis of solid
and/or liquid wastes.
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TABLE 7.1 SAMPLING ANO ANALYSIS METHQDS

Sample Sampling procedure

Constituent

Analysis method

Flue gas EPA Method 5
Multiple Metals Train

Individual Metals
Methods

EPA Method 108

EPA Methods 103, 104
EPA Method 12

EPA Method 101A

Particulates
Total metals?

Antimony

Arsen1cb
Barium
Bery111umb
Cadmium
Chromium (total)
Chromium(VI)

Lead®

Mercuryb

Silver
Thallium

Arsenic
Beryllium
Lead

Mercury

(continued)

22

See methods listed
below
7041

7060,¢ 7061
6010, 7080

6010, 7090, 7091
6010, 7130, 7131
€010, 7199, 7191
7195-7198

6010, 7420, 7421
7470,°¢ 747&e

6010, 7760
6010, 7841

7060,€ 7061°
6010, 7090, 7091
6010, 7420, 7421
7470,¢ 74718



TABLE 7.1 (continued)

Sample - Sampling procedure Constituent Analysis method
Qther samp1esF Composite Antimony 7040

Arsenic 7060,€ 7061
Barium 6010, 7080
Beryllium 6010, 7090, 7091
Cadmium 6010, 7130, 7131
Chromium (total) 6010, 7199, 7191
Chromium(VI) 7195-7198

Lead 6010, 7420, 7421
Mercury 7470,°€ 7a7‘£e
Silver 6010, 7760
Thallium 6010, 7841

See discussion in text for explanation of the Multiple Metals Train.

Digestion and/or analysis procedures given in the individual metals methods
1isted below take precedence over general methods 1isted here.

This method includes digestion for aqueous matrices (no separate digestion
method is necessary).

These chromium(VI) methods are for aqueous matrices only.

This method includes digestion for all matrices (no separate digestion
method is necessary).

Includes waste feed, bottom ash, and scrubber liguor.
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7.2 SAMPLING AND ANALYSIS OF STACK GASES

Tre sampling and aralysis for metals “n stack gases require the use = 2

P

suitaple sampling train and the anmalysis of the collected sample. In Snosk
cases where specific metals can be identified as potential emissions, sampling
will probably be best addressed by selecting a specific sampling and ana]yf-
ical approach. Specific methods which have been developed included EPA
Method 12 for lead, Method 10lA for mercury, Methods 103 and 104 for beryl-
1ium, and Method 108 for arsenic.

In most cases, however, sampling will be required for all 10 of the
metals. For this, the draft metals protocol "Methodology for the Determina-
tion of Trace Metal Emissions in Exhaust Gases From Stationary Source Combus-
tion Processas" (prepared by the EPA, EMSL, Source Branch) describes the only
system that has been proposed to collect both the volatile and nonvolatile
fraction of the stack gases. A copy of this draft protocol is in Appendix E.

Once the samples have been recovered from the train and digested, the
analytical procedures using [CAP or AAS as specified in Figure 2 of the draft
protocol should prove adequate.

7.3 SPECIFIC CONSIDERATIONS

This section covers specific considerations for sampliing and analyzing
chromium(VI) and a discussion of digestion of solid samples.

The toxicity concern associated with chromium is related primarily to the
metal in the hexavalent oxidation state. Therefore, the determination of
chromium by its oxidation state becomes important. The procedures cutlined in
SW-846 achieve this determination by separating the chromium(Vl) from the
tatal chromium either before or during the analytical step. Method 7195 sepa-
rates the chromfum(VI) by chelation with ammonium pyrrolidine dithiocarbamate
(APOC), followed by extraction with methyl isobutyl ketone (MIBK). The con-
centration of chromium(VI) in the MIBK is then determined. Method 7196
analyzes chromium(VI) by the production of a colored product with dipheny!-
carbazide, which is then measured spectrophotometrically. These procedures
should prove satisfactory for the analysis of waste feed material.
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“here are, nowever, several areas of concern relatead 3 zgtarm-ceg
rexava gnt Inromium, These problems are the stabilisy of Ire sampa, -z
recsvery, 2f7icancias .nen separating low level samples, an¢ =ne racive-, =¥
sne cnrzmium samplie frcm the sample train.

EPA is currently working on a suitable procedure ta callect chromium(VI)
stack samples. No acceptable procedure for the sampling and analysis of
chromium(VI) is currently available. Problems with stability of the sample
have been found even when using a Method 5 type sampling train with stabiliz-
ing solutions in the impingers and dedicated solely to chromium(VI) samp-
1ing. Further research is being conducted to develop procedures for measuring
chromium(Vl) emissions.

Total chromium may be determined using the multiple metals train.

The development of a suitable protocol to cover the digestion of solid
waste and particulate catches is an area that, in general, needs further
investigation. The draft metals protocol employs a hydrofluoric acid/nitric
acid digestion in microwave bombs for the probe rinse and filter samples
resulting from stack sampling. [t also offers an option of either a hydro-
fluoric acid/nitric acid digestion {in microwave bombs or a nitric acid/
hydrogen peroxide digestifon on a hot plate for the impinger contents except
the potassium permanganate impinger, which is analyzed for mercury only. An
aliquot of the other (combined) impinger contents is also reserved for mercury
analysis. This method is described for arsenic, cadmium, chromium, lead, and
mercury.

The hydrofluoric acid/nitric acid digestion primarily employed in this
method is considered to be a total digestion. Hydrofluoric acid digestions
dissolve samples which tend to be difficult to digest thoroughly with other
digestions, especially those which are high in silicates. The use of the
sealed microwave bombs lessens the 1ikelihood that volatile elements such as
arsenic could be lost during the digestion process, assuming no venting of the
samples takes place during heating. Unfortunately, using the microwave bombs
can resylt in high levels of carbon and carbon particulates in the sampies due
to saturation of the solutions with carbon during digestion. The carbon can
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Trere are, however, no provisions in this method for the preparation or"
process samples or guidelines for samples which contain excessive amounts of
ash. Another drawback of the use of hydrofluoric acid digestions is the
effect of these digests upon analysis instruments due to the hydrofluoric acid
content and 1{ts corrosive and destructive properties. The need for the
expensive microwave digestion system and the appropriate equipment to perfaorm
the hydrofluoric acid digestions is another concern of this method.

EPA SW-846 Method 3050 is a nitric acid/hydrogen peroxide digestion for
sludges. The method makes provisions for digestions for both inductively
coupled plasma (ICP) and graphite furnace atomic absorption (GFAA) analyses.
This method is used to digest samples for the following elements: thallium by
ICP; and arsenic, beryllium, cadmium, chromium, lead, and thallium by GFAA.

This method is described only for solids such as soil, sediments, and
sludges; however, there may be times when a 1iquid may require a more rigorous
digestion than is afforded by the methods available for Tigquid digests (EPA
SW-846 Methods 3005, 3010, and 3020). Application of this method to liquids
presents a more complete digestion of the sample with the use of hydrogen
peroxide. Modification of the method would be necessary as a mere 1. to 2-g
sample of the water would not give the sensitivity of Methods 3005, 3010, or
3020. A 100-mL sample per 100-mL final volume would retain the sensitivity of
those methods while giving the more rigorous digestion. This method may not
be amenable to organically based samples, such as some waste stream feed
samples. EPA SW-846 Method 3040 (described below) is recommended for oily or
greasy samples.

The digestions presented in this method for ICP and GFAA analyses
parallel each other for several steps. Near the end of the procedure, the
digests for each analysis type are split, and the [CP digests have hydro-
chloric acid added to them while the GFAA digests do not. When a sample may
require both ICP and GFAA and cannot be aliquoted, such as a stack sampliing
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tra‘n, cre-dijest must ne chosen if =his methad is employed. Giver zra- <=-2
f38sIS ~47In tne hycrse-ioric acia added cannot de amalyzed using tne Iraz-c2
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“rndce Iue TS Iherr nycdrochiaric acid contant, the GFAA nortion of the mer--:
sncu'd ce chosen, The presence or lack of hydrocnleoric acid does rc:
adversely affect the [CP anmalysis.

EPA SW-846 Method 3040 is a method used to prepare samples containing
(primarily) waxes, greases, or oils for analysis by dissolving the samples in
xylenes. [t is pointed out that this method is not a digestion procedure, but
merely a solvent dissolution procedure. Samples which may be high in par-
ticulate material are not effectively digested by this procedure since most
particulate material is not dissolved. The particulate material could be
anticipated to contain a high percentage of the metals in the sample, and the
analysis, therefore, might not be a “total" metal determination. This methed
is used to prepare sampies for analysis by ICP or atomic absorption (method
not specified) for antimony, beryllium, cadmium, and chromium.

This method employs the method of standard additions (MSA) for all
samples. The use of an internal standard in [CP analysis can preclude the use
of MSA and reduces the number of samples needed to produce the same results.
[t does, however, eliminate the element chosen as the internal standard from
the analysis of the samples and assumes a low content of the samples for the
chosen element.
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APPENDIX A

PERFORMANCE SPECIFICATIONS FOR CONTINUOUS EMLSSION MONITORING
T OF CARBON MONOXIDE AND OXYGEN IN HAZARDOUS WASTE
“INCINERATORS, BOTLERS, AND TWOUSTRIAL FURNACES™
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APPENDIX A--PERFORMANCE SPECIFICATIONS FOR CONTINUQUS EMISSION
MONITORING OF CARBON MONOXIDE AND OXYGEN IN HAZARDOUS WASTE
INCINERATORS, BOILERS, AND INOUSTRIAL FURNACES

1.0 Applicability and Principle

1.1 Applicability.

This specification is to be used for evaluating the acceptability of carban
monoxide (CQ) and oxygen (0,) continuous emission monitoring systems (CEMS)
installed on hazardous waste incinerators, boilers, and industrial furnaces.

This specification is intended to be used in evaluating the acceptability of
the CEMS at the time of or soon after installation and at other times as spec-
ified in the requlations. This specification is not designed to evaluate the
CEMS performance over an extended period of time nor does it identify specific
routine calibration techniques and other auxiliary procedures to assess CEMS
performance. The source owner or operator, however, 1s responsible to cali-
brate, maintain, and operate the CEMS.

1.2 Principle.

Installation and measurement location specifications, performance and equip-
ment specifications, test procedures, and data reduction procedures are in-
cluded in this specification. Relative accuracy (RA) tests, calibration error
(Ec) tests, calibration drift (CD) tests, and response time (RT) tests are
conducted to determine conformance of the CEMS with the specification.
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2.0 Definitions

2.1 Continuous Emission Monitoring System (CEMS).

The CEMS is comprised of all the equipment used to generate data and includes
the sample extraction and transport hardware, the analyzer(s), and the data
recording/processing hardware (and software).

2.2 Continuous.

A continuous monitor i1s one in which the sample to be analyzed passes the mea-
surement section of the analyzer without interruption and which evaluates the
detector response to the sample at least once each 15 s and records the
average of these observations each and every min.

The hourly rolling average is the arithmetic mean of sixty (60) most recent
l-min average values recorded by the continuous monitoring system.

2.3 Monitoring Systes Types.

There are three basic types of monitoring systems: extractive, cross-stack.
and in situ. Carbon monoxide monitoring systems generally are extractive or
cross-stack, while oxygen monitors are either extractive or in situ.

20301 Extrmi".

Extractive systems use & pump or other mechanical, pneumatic, or hydraulic
means to draw-a small portion of the stack or flue gas and convey it to the
remotely located analyzer.

2.3.2 In situ.

In situ analyzers place the sensing or detecting element directly in the flue
gas stream and thus perform the analysis without removing a sample from the
stack.
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2.3.3 Cross-stack.

Cross-stack analyzers measure the parameter of interest by placing a scuyrca
seam on one side of the stack and either the detector (in single-pass instry”
ments) or a retro-reflector (in double-pass instruments) on the other side and
measuring the parameter of interest (e.g., CO) by the attenuation of the beam
by the gas in its path.

2.4 Span.

The upper limit of the gas concentration measurement range specified Sec-
tion 4.1.

2.5 Instrument Range.

The maximum and minimum concentration that can be measured by a specific in-
strument. The minimum {s often stated or assumed to be zero (0) and the range
expressed only as the maximum. [f a single analyzer {s used for measuring
multiple ranges (either manually or automatically), the performance standards
expressed as a percentage of full scale apply to all ranges.

2.6 Calibration Drift.

Calibration drift is the change in response or output of an instrument from a
reference value over time. Orift {s measured by comparing the responses to a
reference standard over time with no adjustment of instrument settings.

2.7 Response -Time.

The response time of a system or part of a system is the amount of time be-
tween a step change in the system input (e.g., change of calibration gas)
until the data recorder displays 95 percent of the final value.
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2.8 Accuracy.

Accuracy is a measure of agreement between a measured valye and an accepted -
trye value and is ysually expressed as the percentage difference detween :the
true and measured values relative to the true valye. For this perfaormancas
specification the accuracy is checked by conducting a calibration error (Ec)
test and a relative accuracy (RA) test.

~

2.8.1 Calibration Error.

Calibration error is a measure of the deviation of a measured value at the
analyzer mid range from a reference value.

2.8.2 Relative Accuracy.

Relative accuracy is the comparison of the CEMS response to a value measured
by a reference test method (RM). The applicable reference test methods are
Method 10A--Oetermination of Carbon Monoxide in Certifying Continuous Emission
Monitoring Systems at Petroleum Refineries and Method 3--Gas Analysis for
Carbon Monoxide, Oxygen, Excess Air, and Dry Molecular Weight; these methods
are found in 40 CFR 60, Appendix A.

3.0 Installation and Measurement Location Specifications

3.1 CEMS Measurement tLocation.

The best or optimum location of the sample interface for the monitoring system
is determined by a number of factors, including ease of access for calibration
and maintenance, the degree to which sample conditioning will be required, the
degree to which it represents total emissions, and the degree to which it
represents the combustion situation in the firebox. The location should be as
free from in-leakage influences as possible and reasonably free from severe
flow disturbances. The sample location should be at least two equivalent duct
diameters downstream from the nearest control devica, pbint of pollytant gen-
eration, or other point at which a change in the pollutant concentration or
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emissicn rate occurs and at least 0.5 diameters upstream from tre exhrauss -~
central device. The equivalent duct qiameter is calculated as per 40 272 £,
ippendix 3, Method 1, Section 2.1. '

The sampie path or sampie point(s) should include the concentric inner 50 per-.
cent of the stack or duct cross section. For circular ducts, this is 0.707 x.
diameter and a single-point probe, therefore, should be located betweer
0.141 x diameter and 0.839 x diameter from the stack wall and a multiple-point
probe should have sample inlets in this region. A location which meets both
the diameter and the cross-section criteria will be acceptable.

[f these criteria are not achievable or if the location is aotherwise less than
optimum, the possibility of stratification should be investigated. To check
for stratification, the oxygen concentration should also be measured as veri-
fication of oxygen in-leakage. For rectangular ducts, at least nine sample
points located at the center of similarly shaped, equal area divisions of the
cross section should be used. For circular ducts, 12 sample points (i.e., six
points on each of the two perpendicular diametars) should be used, locating
the points as described in 40 CFR 60, Appendix A, Method 1. Calculate the
mean value for all sample points and select the point(s) or path that provides
a value equivalent to the mean. For these purposes, if no single value is
more than 15 percent different from the mean and if no two single values are
different from each other by more than 20 percent of the mean, then the gas
can be assumed homogeneous and can be sampled anywhere. The point(s) or path
should be within the inner 50 percent of the area.

Both the oxygen and CO monitors should be installed at the same location or
very close to_each other. If this is not possible, they may be installed at
different locations 1f the effluent gases at both samplie locations are not
stratified and there is no in-leakage of air between sampling locations.

3.2 Reference Method (RM) Measurement Location and Traverse Points.

Select, as appropriate, an accessible RM measurement point at least two equiv-
alent diameters downstream from the nearest control device, the point of
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pollutant generation, or other point at which a change in the ¢!’

- -
Lwtanc

;oncentration or emission rate may occur, and at least a half equiva 2r-
diameter Jpstream frcm t-e efflyent exhaust or control device. wWhen pcl uzans
concantration charges are due solely to oxygen fn-leakage (e.g., air heater
Teakages) and pollutants and diluents are simultaneously measured at the same
location, a half diameter may be used in lieu of two equivalent diameters.
The CEMS and RM locations need not be the same. Then select traverse points
that assure acquisition of representative samples over the stack or duct cross
section. The minimum requirements are as follows: Establish a "measurement
line" that passes through the centroidal area and in the direction of any
expected stratification. If this line interferes with the CEM measurements,
displace the 1ine up to 30 cm (or 5 percent of the equivalent diameter of the
cross section, whichever is less) from the centroidal area. Locate three
traverse points at 16.7, 50.0, and 83.3 percent of the measurement line. If
the measurement line is longer than 2.4 m and pollutant stratification is not
expected, the tester may choose to locate the three traverse points on the
line at 0.4, 1.2, and 2.0 m from the stack or duct wall. This option must not
be used at points where two streams with different pollutant concentrations
are combined. The tester may select other traverse points, provided that they
can be shown to the satisfaction of the Administrator to provide a representa-
tive sample over the stack or duct cross section. Conduct all necessary RM
tests within 3 cm (but no iess than 3 cm from the stack or duct wall) of the
traverse points.

4.0 Monitoring System Performance Specifications

Table A-1 summarizes the performance standards for the continuous monitoring
systems. Each of the {tems is discussed in the following paragraphs. Two
sets of standards for CO are given--one for low range measurement and another
for high range measurement since the proposed CO limits are dual range. The
high range standards relate to measurement and quantification of short dura-
tion high concentration-peaks, while the low range standards relate to the
overall average operating condition of the incinerator. The dual-range speci-
fication can be met either by using two separate analyzers, one for each
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range, or by using dual range units which have the capapbility of meeting dct»
standards ~ith a single unit. In the latter case, when the reading goes abcve
the full scale measurement value of the lower range, the higher range ocera-
ticn ~i11 be started automatically.

TABLE A-1. PERFORMANCE SPECIFICATIONS OF CO AND OXYGEN MONITORS

CO monitors Oxygen

Parameter Low range High range monitors
Calibration drift < 5% FS3 s 5% FS s 0.5% 0,
24 h
Calibration < 5% FS s 5% FS s 0.5% 0,
erro
Response time < 1.5 min < 1.5 min s 15 min
Relative accuyracy $ The greater S The greater

of 10% of of 20% of

RM or 20 ppwm RM or 1.0% 0,

2 £S means full scale measurement range.

b Expressed as the sum of the mean absolute value plus the 95% con-
fidence interval of a series of measurements.

4.1 CEMS Span Values.

The span values shown below in Table A-2 are to be established for the contin-
uous emission monitoring systea.
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TABLE A-2, (EMS SPAN VALUES FOR CO AND OXYGEN MONITORS

€O menitors Oxygen
Low range High range menitors
(ppm) (ppm) (%)
Tier 1 roiling 200 3,000 25
average format
Tier 1 alternate 200 3,000 25
format -
Tier 2 rolling 2 x permit 3,000 25
average format limit
Tier 2 alternate 2 x permit 1.1 x permitted 25
format Timit peak value

4.2 System Measurement Range.

[n order to measure both the high and low concentrations consistently with the
same or similar degree of accuracy, system measurement range maximum span
specifications are given for both the low and high range monitors. The system
measurement range chosen is based upon the permitted level and the span value
presented in Section 4.1.

The owner or operator must choose a measurement range that includes zero and a
high-level value. The high-level value is chosen by the source owner and
operator as follows:

l. For the low range CO measurements, the high level valye is set between
1.5 times the permit 1imit and the span value specified in Section 4.1.

2. For the high range CO measurement, except for Tier I[I alternate format,

the high Tevel value {s set between 2000 ppm, as a minimum, and the span
value specified in Section 4.1.
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3. For the high range CO measurement under Tier [l ysing the altarmate tsce
8 format, the high level value is set at the span value specifies -
Section 4.1.

3. For oxygen the high level value is set between 1.5 times the highe;t

level measured during the trial burn and the span value specified in Sec-
tion 4.1.

The calibration gas, or gas cell values used to establish the data recorder
scale should produce the zero and high level values.

4.3 Response Time.

The mean response time for the CO monitor(s) should not exceed 1.5 min to
achieve 95 percent of the final stable value. For the oxygen monitor, the

mean response time should not exceed 15 min to achieve 35 percent of the final
stable value.

4.4 Calibration Drift.

The CEMS calibration must not drift or deviate from the reference value of the
gas cylinder or gas cell by more than 5 percent full scale in 24 h for the CO
low range and the CO high range. For oxygen the calibration drift must be
less than 0.5 percent 0, in 24 h. The calibration drift specification must
not be exceeded for six out of the seven test days required during the test
(see Section 5 for the test procedures).

4.5 Calibration Ervor.

The calibration error specification evaluates the system accuracy at the mid-
point of the measurement range by the calibration error test described in Sec-
tion 6. The test determines the difference between the measured value and the
expected value at this midpoint.
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The calibration error of the CEMS must not exceed 5 percent full sca's -~
CJ. The calibration error of the oxygen CEMS must not exceed 0.5 zer-ar- 2.

4.6 Relative Accuracy.

The relative accuracy (RA) of the carbon monoxide CEMS must not exceed 10 per-
cent of the mean value of the reference method (RM) test data or 20 ppm CO,
whichever is greater. Note that during the relative accuracy test, the CO
level may exceed the full scale of the low range monitor. When this occurs,
the mean CEMS measurement value should be calculated using the appropriate
data from both the low range and high range monitors.

The relative accuracy of the oxygen CEMS must not exceed 20 percent of the
mean value of the RM test data or 1 percent oxygen, whichever is greater.

5.0 Performance Specification Test Period

5.1 Pretest Preparation.

Install the CEMS, prepare the RM test site according to the specifications in
Section 3, and prepare the CEMS for operation according to the manufacturer's
written instructions.

5.2 Calibration Error and Response Time Tests.

Prior to initiating the calibration drift tests conduct the calibration error
test and the response time test according to the test procedures established
fn Section 6. The carbon monoxide and oxygen (if applicable) monitoring sys-
tems must be evaluated separately.

5.3 Calibration Drift Test Period.

The monitoring system should be operated for some time before attempting drift
checks because most systems need a period of equilibration and adjustment
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before the performance {s reasonably stable. At Tleast one week (.53 ) z¢

-

continuous cperation i{s recommended before attempting drift %tests,

while the facility is operating at nermal conditiaons, determine the magnitudé
of the calibration drift (CD) once each day (at 24-h intervals) far seven con- -
secutive days according to the procedure given in Section 6. The carbcE
monoxide and oxygen (if applicable) monitoring systems must be evaluated sepa-
rately.

5.4 RA Test Period.

Conduct the RA test according to the procedure given in Section 6 while the
facility is operating at normal conditions. The RA test may be conducted dur-
ing the CD test period. The RA test may be conducted separately for each of
the monitors (carbon monoxide and oxygen, {if applicable) or may be conducted
as a combined test so that the results are calculated only for the corrected
CO. concentration (i.e., CO corrected to 7 percent oxygen); the latter approach
is preferred.

6.0 Performance Specification Test Procedures

6.1 Response Time.

The response time tests apply to all types of monitors, but will generaily
have significance only for extractive systems. The entire system is checked
with this procedure including sample extraction and transport (if applicable),
sample conditioning (1f applicable), gas analyses, and the data recording.

Introduce zero gas into the system. For extractive systems, the calibration
gases should be introduced at the probe as near to the samplie location as pos-
sible. For in situ systems, introduce the 2erc gas at the sample interface so
that all components active in the analysis are tested. When the system output
has stabilized (nmo change greater than 1 percent of full scale for 30 s),
switch to monitor stack effluent and wait for a stable value. Record the time
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(upscale response time) required to reach 95 percent of “he final s%an'z
value. Next, introduce a high Tevel calibration gas and repeat the above or=-
cedure fstable, switch to sample, stable, record). Repeat the entire proce-
dure three times and determine the mean upscale and downscale response
times. The slcwer or longer of the two means is the system response time.

6.2 Calibration Error Test

6.2.1  Procedure.

The procedure for testing calibration error {s to set the instrument zero and
span with the appropriate standards and then repeatedliy measure a standard in
the middle of the range. In order to minimize bias from previous analyses,
the sequence of standard introduction should alternate between high and low
standards prior to the mid-level standard (e.g., high, mid, low, mid, high,
mid, low, mid, etc.) until six analyses of the mid-level standard are ob-
tained, with three values obtained from upscale approach and three values ob-
tained from downscale approach.

The differences between the measured instrument output and the expected output
of the reference standards are used as the data points.

6.2.2 Calculations.

Summarize the results on a data sheet. For each of the six measurements made,
calculate the arithmetic difference between the midpoint reference value and
the measured value. Then calculate the mean of the difference, standard
deviation, confidence coefficient, and calibration error using Equations 2-1,
2-2, 2-3, and 2-4 presented in Section 7.

6.3 Zero and Snan Calibration Orift.
The purpose of the calibration drift (CD) checks is to determine the ability
of the CEMS to maintain its calibration over a specified period of time. The

performance specifications establish a standard related to span drift. Each
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drift test s conducted seven times and the system(s) are allowed %3 aexcoed
the 1imit once during the test.

Ouring the drift tests, no adjustment of the system is permitted except :ncse -
automatic internal adjustments which are part of the aytomatic compensation

circuits integral to the analyzer. If periodic automatic adjustments are made -

to the CEMS zero and calibration settings, conduct the daily CD test immedi-
ately before these adjustments, or conduct it in such a way that the CD can be
determined (calculated). Subsequent CEMs operation must include the same sys-
tem configuration as used during the performance testing.

Select a reference gas with a CO or 0, concentration between 80 and 100 per-
cent of the full-scale measurement range of the analyzer; ambient air
(20.9 percent Q,) may be used as the reference gas for oxygen. The zero gas
should contain the Jlowest concentration recommended by the manufacturer.
Prior to the test, calibrate the instrument. At the beginning of the test,
introduce the selected zero and span reference gases (or cells or filters).
After 24 h and at 24-h intervals thereafter, alternately introduce both the
zero and span reference gases, wait until a stable reading is obtained and
record the values reported by the system. Subtract the recorded CEMS response
from the reference value. Repeat this procedure for 7 days, obtaining eight
values of zero and span gas measurements (the initfal values and seven 24-h
readings). The difference between the established or reference value for the
span and the measured value may not exceed the specifications in Table 4.1
more than once, and the average value must not exceed the specification.

6.4 Relative Accuracy Test Procadure

6.4.1 11ing Stra for RM Tests.

Conduct the RM tests in such a way that they will yield resylts representative
of the emissions from the source and can be correlated to the CEMS data. Al-
though it 1is preferable to conduct the oxygen, moisture ({f needed), and CO
measurements simultanecusly, the diluent and moisture measurements that are
taken within a 30- to 60-min period which includes the pollutant measurements,
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may be used t3 calculate dry pollutant concentration caorrected =0 7 zercar-
8]

S

in order to correlate the CEMS and RM data properly, mark the beginning and
end of each RM test period of each run (including the exact time of the day)
on the CEMS chart recordings or other permanent record of output. The RM
tests should utilize integrated sampling.

For each run, make a sampie traverse of at least 21 min, sampling for 7 min
per point.

6.4.2 Correlation of RM and CEMS Data.

Correlate the CEMS and the RM test data as to the time and duration by first
determining from the CEMS final output (the one used for reporting) the inte-
grated average pollutant concentration during each poliutant RM test period.
Consider system response time, if important, and confirm that the pair of re-
sults are on a consistent moisture, temperature, and diluent concentration
basis. Then, compare each integrated CEMS value against the corresponding
average RM value. Make a direct comparison of the RM resylts and CEMS inte-
grated average value. When oxygen monitoring is required by the regulation to
calcylate carbon monoxide normalized to 7 percent 0,, the RM test results
should be calculated and compared on this basis. That is, the CO concentra-
tions normalized to 7 percent 0, should be calculated using the RM test data
and these results should be compared to the CO concentration normalized to
7 percent Q, measured by the CEMS.

6.4.3 Number of RM Tests.
Conduct a minimum of nine sets of all necessary RM tests.
Note: The tester may choose to perform more than nine sets of RM tests. If

this option is chosen, the tester may, at their discretion, reject a maximum
of three sets of the test results so long as the total number of test results
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used to determine the RA is greater than or equal tc nine, byt they must re-
port all data including the rejected data.

6.4.4 Calculations.

Summarize the results on a data sheet. Calculate the mean of the RM values.
Calculate the arithmetic differences between the RM and the CEMS output
sats. Then calculate the mean of the difference, standard deviation, confi-
dence coefficient, and CEMS RA, using Equations 2-1, 2-2, 2-3, and 2-5.

7.0 Equations

7.1 Arithmetic Mean.
Calculate the arithmetic mean of the difference, d, of a data set as follows:

n
1 z

d*% 1a

1 d1 (Eq- 2‘1)

Where n = number of data points

n
I dy = algebraic sum of the individual differences d;
=l

When the mean of the differences of pairs of data is calculated, be sure to
correct the data for moisture, if applicable.

7.2 Standard Deviation.

Calculate the standard deviation, Sd, as follows:

no\ 22
n } 4 d
1:1 d'z - 1'1 i
= n
Sd = en——— n = I (Eq. Z-Z)
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7.3 Confidence Coefficient.

Caiculate the 2.5 percent error ccnfidence coefficiant (ome-taileq),

“3170ws:

3

CC=t —_ (Eq. 2-3)
0.975 (n)l/z

Where tq g7g = t-value (see Table 7-1).

TABLE 7-1. VALUES

nd £0.97s nd to.975 nd t0.975

2 12.706 7 2.447 12 2.201
3 4.303 8 2.365 13 2.179
4 3.182 9 2.306 14 2.160
5§ 2.776 10 2.262 15 2.145
6 2.571 11 2.228 16 2.131
a

The valyes in this table are already cor-
rected for n-1 degrees of freedom. Use
n equal to the number of individual values.

7.4 Calibration Error.

Calculate the calibration error (Ec) of a set of data as follows:

For carbon monoxide:

d] + |CC
£, - J—-L-,g-l—l x 100 (Eq. 2-4)

\
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For oxygen:* E. = |d! + CC|

~nere: 4| = absolute value of the mean of differences (from Equation 2-1)
|CC| = absolute value of the confidence coefficient (from Equation 2-2)
FS = full scale span of monitoring system (for calculation of CO

calibration error only)

7.5 Relative Accuracy.

Calculate the relative accuracy (RA) of a set of data as follows:

YR - L (o RPN (Eq. 2-5)
RM

where |d| = absolute value of the mean of differences (from Equation 2-1)

|CC| = absolute value of the confidence coefficient (from Equation 2-3)
RM = average RM value

8.0 Reporting

At a minimum (check with the appropriate regional office, or state, or local
agency for additional requirements, if any) summarize in tabular form the re-
sults of the response time tests, calibration error tests, calibration drift
tests, and the relative accuracy tests. Include all data sheets, calcula-
tions, charts .(records of CEMS responses), cylinder gas concentration certifi-
cations, and calibration cell response certifications (i1f applicable), neces-
sary to substantiate that the performance of the CEMS met the performance
specifications.

* For gxygen the calibration error is expressed as % 0, and the term
(|d}l + |CC|] is not divided by FS or multiplied by 100.
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METHOD I~Gas AnaLysis or Carsan Diox-
3k OXYCRY, EXCEIS AR, AXD DY Mowze-
Tl WrieNT

1. A=neiale and Applicadnulily

1.1 P=nanle. A ¢as sample i extracted
I*3m 3 stack. By one of the fellewing metn-
ode 1) single-point, grmad sampung: (2)
single-point. integrated sampling or (N
auit-point, ntegratad samoling. Tha sas
sampie 5 analyted for percsnt cardon diox-
1de 1 CQ,l. percent oxygen (Q,). and, i neces
sary. sercent cardon monoxids (CQ) If o
3ry molecular waight determintation s 1o be
made. either an Qriat or 3 Fymte ' anslyier
may be used for the analyny for excems ar
Or eMITNON rIle COrTection factar Jdetarmi.
naton. an Orsat analyser must de used.

1.2 Apolicaduity. This method 3 applica-
Sie for determunung CO, and Q. concentra-
LGNS, axCess aAlr. AnNd 4ry molecular veigiit
of 3 sample rom a gas stream of a ‘esml-
fuel combustion rocess. The method may
also Se applicanie L9 otlier Drocasses where
1t Ras Seen determined that compounds
otlier than CO. Ow CO. and mtrogen (2.
afe Not Dresent n concantrations suificient
o affect the resuits.

Quher methods. a8 well a3 modifications Lo
he procedure descrided lerein. are also ip-

‘Menuon of trade names or specilic prod-
ucts does NOt constituts endorsement 3y the
Zavironmental Protection Agency.

Title 40—Protectian of E~viranmen,

Slicable for sorme ar all of 1ne .2ave Zeyer.
mnations. Ixamples of specilie Mmetnoeg
and modifications :nclude: (1) 2 multi-dainy
sampling method using an Crial analyzer o
analyze individual grad samples shtained 3t
each pawne (2) 3 method using CO, or O,
and stoichiometrie caleulations Lo determing
dry molecular veight and excess aur (3) as
ugrung a value of 30.0 for 4ry moleculsr
weight, in lleyw of actual measuremnents. ‘or
procasses dWning natural gas. cowl. or ol
These methods and modifications may %e
used. But are subdject L0 the adproval of ne
Adminuscracor. U.S. Eavironmental Protee.
lien Agency. :

L Asperatus

As an altarnative 0 the sampling apsanm-
tus and systems descnded herein. otler
sampling systems (e.£.. liguid displacement)
may Se¢ used provided such $ILAIRS Are 3.
Sable of obtaimng a representative sampis
And maintuning & sonsant samoling ~ats.
and are othersise capabdle of leiding ae.
cestable results Use of such systams .3 sud-
JeCt 0 the approval of Lhe Admunistralor.

21 Grabd Sampling (Mgure 3.1

2.1.1 Prode. The srode thould de made of
nainiess steel or doromilicaie giass tuding
and should be equipped Tl an (n-nack oF
out-stack {liter L0 remave particuiate mactar
(8 2lug of glass woal i3 satisfactary for inis
Duraese). Any other materials ey o O,
CO. CO. and N, and remistant o lempera:
ture at samaling conditiors may be used ‘or
the prove: examples of sueh matsnal are
Auminum, copDer. QuUAr: glass and Teflon.

1.2 2ump. A one-way sgueezz Sull. or
quivalent, s used 0 mansport Ne §as
sample (0 the analyzer.

22 [ntegrated Sampling (Fgure 3-2).

.21 Probe. A prodbe such a3 that de
ictbed (3 Section 2.1.1 is suitaBle.

422
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222 Congenser. An a.rc2cled ar water:
Czc.ed Ionzenser. or other candenser that
il 2ot remove O, COL CO. ane No. may de
<sed 0 remove excess mousiure which
would interfere with ne operation of he
ump ang Now meter.

223 Vaive. A needle valve i3 used o
adjust sample gas flow rate.

224 Pump. A leak-[ree. diaphragm-type
pump. or equivalent. i3 used 0 transpert
sampie gas 0 the Nexidle bag. [astall »
small surge tank betweent the pump and
rate meter (0 elimunate the pulsalion effect
Qf the diaphsagm pump Q% (he rotameter.

2.2.3 Rate Meter. The rotametsr. or
equivalent rate meter. used should de cape-
3le of measurning Low rate to withun =2 per-
cent of tiie selected fNow rate. A flow rate
range of 300 to 1000 com?/mun 13 suggested.

2.2.8 Flexible Bag. Any leak-(ree plastic
(e.g.. Tedlar, Mylar. Teflon) or plastie-
coated alupunum (e.g.. Alumuuzed Mylar)
Bag. ar equivalent. hawvinig & csacily ¢on-
sistent with the seiected (low rats and ‘ime
lengilt of the tast run. May be used A ca.
pacity in the range of §3 to 90 lizars us sug-
gestad.

To lesk-check the Pag. connect it Lo 3
waler manometer and pressunze e Sag o
$ 10 cm H,QO (2 t0 ¢ in. B.Q). Allow 0
stand for 10 minutes. Any displacerzent in
the water manometsr (ndicates & leak. An
alternative leak-check method i3 10 pressus:
12e the 3880 S0 10 em KO (2t0 4 i H,O)
and allow t0 s2and overnight. A deflated Dag
indicates 3 leak.

.27 Presswe Gauge. A water(illed U-
tube manomieter. or equivalent. of adout 28
em (12 (a.) 15 used for the flexible bag leak-
check.

3.2.8 Vacuum Gauge. A mercury mano-
meter, of equivalent, of at least 760 mm Hg
(30 in. Hg) 15 used for the samoling tmin
leak-check.

2.3 Analysis. Por Qrsat and Fyrite ans-
Iyzer maintenance and operstion procs-
dures. {ollow the instructions recommended
Ry the manulacturer, unless otherwise spec-
i{ied Nerein.

1.3.1 Dry Molecular Weight Determins.
tion. An QOriat analyzer or Fyrite type com-
dustion gas Analrier may de used.

2-3.3 Lmission Rate Correction Factor or
Lxemms Alr Detarmination. An Orsat analyz.
ar must de used. For low CO, (less than 4.0
percent) or Nigh O, (greater that 15.0 per-
eant) concantrations. the messunng duretts
of the Orsac must have at leaat 0.1 percant
subdivisions.

1. Dry Molecular Wetght Determingtion

Any of the three sampling and analytical
Jrocedures descrided delow may Be used for
determuang the 4ry molecuiar weight.

31 Single-Pount. Grad Sampung and
Analyues! Procedure.

Title 40-~Protection of Environment

311 The samplag pownt i the 4uce
shall etther de at the centraid of he crass
sectionl or al 3 point no closer o the walls
than 1.00 m (3.3 [%) unless otherwaise spec:-
fied By the Admin.stracor.

3.1.2 Set up ine equizment as sheam in
Figure J-1. maxing sure all conaections
ahesd of the analyzer are tight and leak.
{ree. I and Qrsat analyzer is used. 1t s rec.
ommendad that the analyzer Be leaked-
checked by following tne procedure 10 Sec.
tion 8: howaver. the leak-check i3 aptional.

3.1.3 Place the probe in the stack. with
the €D of the prode pesitioned at the sam.
pling pownt. purge e sampaling line. Draw a
sample 1nto the anaiyzer and immeciately
analyze it {or percent CO, and percent O,.
Detarmune the percentage of the gas that
N. and CO by subtracting the sum ¢f the
percent CO, and percent Q, {rom 100 per.
cent. Calculats the dry molecular weight as
wadicatsd 1t Section 6.3,

3.1.4 Repest the sampling. analysis. and
caleulation procedures. untl the &ry molee:
ular weights of any three grad samples
difler from thewr mean By no mare than 0.3
¢/gs-mole (0.3 Ib/id-mole). Average tlese
three molecuiar veights. and report the re-
its Lo the nearsst 0.1 ¢ g-mole (15/1bde
mole)

1.2 Single-Point. Integrated Sampling
and Analytical Procedure.

3.2.1 The sampling peint in the duct
shall e located as specified in Section 1.1.1.

3.2.2 Leak-check (optional) the flexidle
Bag as (n Seciion 2.2.6. Set up the equip-
ment a8 shosm 3 Mgure 3-1 Just prior %o
sampling. leak-<check (optional) the trun By
placing & vacuum gauge AL the condenser
inlet, pulling a vacuum of at least 230 mm
Hg (10 . Hg). plugging the outiet at the
quick discorninect. and then turrung of{f the
pump. The vacuum should remain stadle for
at least 0.5 nunute. Evacuaia the flexidie
bag. Connect the prode and place 1t n (he
stack. with the tip of the prode pasitioned
al the sampling pownnt: purge the samplng
line. Next. connect the Bag And make sure
that all connections are ught and leak free.

3.2.3 Sample st & constant rate. The sam-
sling run should de simuitaneous with, and
for the same total lengeth of time as. tne Dol-
lutant emission rule detarmuination. Collee-
tion of at least 30 liters (1.00 (1" of sampdie
a8 i3 recommended: Nowever. smalier vol-
umes rmay be coliected. i desiced.

3.24 Qbtain ane integrated flue ¢as
ample duning each peolluctant emission rate
determmingtion. Within 8 hours after the
sampile is taken. analyze 1t tor percent CO,
and percent O, unng either an Orsat analyz-
er ar s Fyrite-type combustion gas analyzer.
Il an Orsat analyzer is used. it is recom-
mended (Nat the Orsat lesk -chieck descnded
in Section § be performed defore this deter-
minaion: however. the check 13 optional.

424
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Delermine he percentage of Lhe gas Lhat s
N, and CQ oy sudtracting ihe sum of the
serze=t CO: and percent O, rem 100 per.
cent. Caicuiaie the dry molecular weight as
:ndicated in Section 6.3,

3.2.5 Repeat the analysis and caleulauon
procedures until the individual 4ry molecu-
lar weights for any three analvses differ
from LReiwr mean by no more than 0.3 ¢/¢-
mole (0.3 1B/I1b-mole). Average these three
molecular weights. and report Lhe results to
the nearest 0.1 g/ g-mole (0.1 1b/]8-mole).

3.3 Mulu-Point. Integrated Sampling and
Analytical Procedure.

1.3.1 CUnless otherwise specified by the
Admunustrator. a rummum of eight traverse
points shall de used for circular stacks
Raving diameters jess than 0.6l m (24 :.). &
muumum of nine shall de used for rectangu-
'ar stacks having equivalent diameters less
than 0.61 m (34 1n.). and & mnimum of
twelve traverse poInts shall de used for all
other cases. The traverse points shall de lo-
cated according to Method . The use of
fewer points is subdject to approval of the
Adminstrator.

1.3.2 Folliow the procedures outlined in
sections 3.2.2 :nrougnt 31.2.5. except for the
following traverse all sampling peoints and
samnple at each paunt for an equal lengill of
ume. Record sampling dawa &8 shown in
Figure 3-3.

4. Emiznoen Rcte Caorrection Fegior or
Ezcess A1r Determinglion

NoTE A Fynte-type combustion sas ara-
1yzer i3 not accepiable fOr excess air Or emis.
110N rate correcuon factor determirnation.
unless appreved by the Admunuistrstor. If
both percent CO, and dercent Q. are meas.
ured. he asalytical results of any of nhe
three procedures gven Yelow may tlso dDe
used for calculating the dry melecular
weight,

Each of the three procedures delow shall
be used orly when specified in an agplicable
subgare of the ntandards. The use of these
arocedures [ar other Durposes must have
spetfic prior approval of the Admunistrator.

4.1 Single-Point,. Grad Sampling and
Analytiéal Procedure.

4.1.1 The sampling point in :he duct
shall either be at the centrord of the cross-
3eCUOn oF At & DOINt NO closer (0 ihe walls
than 1.08 = (3.3 1), uniess otherwise speci-
fied by Lhe Administrator.

1.1.2 Set up the equipment as shown in
Figure 3-1. making sure all connecuons
ahead of the analyser are tight and leak-
free. Leak-check the Orsat analyzer accord.
ing to the Drocedure descrided :n Section 4.
This leak-check is mandstery.

Pt. 60, App. A, Meth. 3

FIGURE J-3=SAMPUNG SaTE DaTa

~e Taverse S 'am ~ 2wy
—————
% O 310 /Cue ¥ 100 (Mum DR ¢ 10%)

4.1.3 Place the prode in the stack. with
he Up of (he probe pomtioned at the sam-
»ling 2oint: purge Lhe sampling line. Draw a
samgie Lto the analyzer. For emussion rate
correction /actor determination. immediate-
Iy analyze the sampie. as outlined :n Sec-
tons 4.1.4 and 4.1.5, for pereent CQ, or Der-
cent O, If excess wr i3 desired. proceed as
follaws: (1) unmediately analyze the sample.
a3 11 Secuions ¢.1.4 and 4.1.5. for percent
CQs. Cu and CO: (2) determuine the Dercent.
age of e gas Lhat i3 N, by subtracung he
suse of the percent CQ,. parcent C,. and per-
cent CO (rom 100 percent: and () calculate
Sercent excess air as outlined in Section 4.2.

4.1.4 To insure complete sbsorption of
the COw Q. or if applicable. CQ. make re-
peated Dasses (hrough each absoroing solu-
tion untul t(wo consecutive readings are the
same. Several passes (ihree or four) should
Se made detween readings. (If constant
readings cannot dDe obtained alter three con.
seculive resdings. reslace Lthe absorsing se-
lutien.)

4.1.3 After :he analysns is compieted.
leak-Check (mnandatory) the Orsat analyzer
once sguin. as descrided 1n Section §. For
the resulls of the analyss to be vald. the
Qrsat analyzer must 3ass this jeak test
before and after the analyss.

Notr Since this single-peint. grad sam.
oling and analyucal procedure 13 normally
conducted in conjunction with 3 sungle-
point. gTAD sampling and analytical sroce.
dure [or 1 pollulant, only one analysis 1s or-
diranly conducted. Therefors. great care
must be taken 15 ObtAL 3 valid sample and
analyus. Although !n most cases anly CO,
ar Q, 13 required. 1t is recommended that
soth CO, and Q, Ye measured. and tnat Cl-
tation $ 10 the Bidiiograahy de used L0 valf-
date the analytical data.

4.2 Single-Paint., Integrated
and Anslyucal Procedure.

4.2.1 The samplung Jaint in the duct
sh.all De jocated a8 speciiied in Section ¢.1.1.

4.2.2 Leak-check fmandstory) the flexi.
Ble 2ag as 13 Section 1.2.6. Set up the equip-
ment a3 shown 1n Pigure 3-1. Just pnor to
samraling, leak-check (mandstory) (e train
by 2lacing & vacuum gauge af the condenser

Sampling
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Pt. 0. App. A, Meth. 3
~.20 sulngacicuLum of 3 .east 230 mm Hg
"B BRNT Lne qutiel Al tne GuUIcK
t.1ng nen turming aff the pump.
Tee Lacul.mosrald remain stadle for at least
7% maaute Evacuate the fexidie 3ag. Con-
=ect ine proze and place it n tle slack.
with the up of he prode sositicned atl he
samalifig SNt purge the samphing lae.
Next, connect (he dag and make sure that
all connections are tight and (eai {ree.

4.2.3 Sample at 3 constant rate, or s
specified By ne Adminmstraior. The sam.
sling run must Be simulianeous with, and
for :ne same tatal lengn of e as. the 2ol
T.tant emussion rate cetermination. Collect
ac least 30 lLiters (1.00 f{t) of sample gas.
Smaller volumes may be coliectied. sudject
1o aggroval of the Admiaisirater.

4.2.4 Obtan one integrated (lue g3
sampie during each pollutant emssion rate
determination. For emission sate correction
factor determunation. analyze the sample
within 4 Rours alter it is taken for percent
CO. or parcent O, (a8 outllned in Sections
4.2.3 wwrough 4.2.9). The Orsat ansiyzer
must be leak-chieck (see Section 3) before
the analysis. If excess air i3 demited. proceed
as follows: (1) within 4 houss after the
sample is taxen. analyze it (as in Sections
¢.2.3 :hrough 4.2.7) for percent €O, Oy, and
CO: (2) determine the dercentage of the gas
tat s N, By subtracting the sum of the der-
cent CO. percent O, and percent CO (rom
100 =ercenst: (3) calculate percent excess ar.
a8 outlined n Section 6.2.

4+.2.5 To insure complete adsorytion of
the CQ. Qv or U applicable. CO. make re-
peated Dasses tRIOUER each aksorsung seolu-
tion until (we corsecutive readuigs are the
same. Seversl sasses (2hree of four! should
Be make Between readings. (I constant
resdings cannot e obtaned aller three con-
secutive readings. replace the sbsoraing so-
lutien.)

4.2.8 Repest the analysis untl the fol-
lowing critaria are met

4.2.6.1 For percent CO. redeat the ana-
lytical procedure until the resuits of any
three analyses differ By no more that (3) 0.3
sercenit Dy volume shen CO, is goeater than
4.0 percent or (B) 0.2 percentt dy volume
when CQ. is less than or equal t2 4.0 per.
cent. Average the three sccepiable values of
percent CQ. ARG report the resuits to the
nedrest 0.1 percent.

4.2.6.2 Por percent O, redeat the analye.
ieal unti] the results of any three
analyses differ By no more than (s 4.3 per-
eent by volume when O, is less than (3.0
percent or (3} 0.2 percent dy volume when
Q. is greater than or equal 10 15.0 pereent.
Average the three acceptabie values of per-
cent Oy And report the cesults 1o the nearest
0.1 percent.

4.2.6.1 For percent CO. repest the ana.
lytieal precedurs until the results of any
three analyses differ Dy no more than 0.3

Title 40~—Pratection of Environment

persen’ ,-\\e.-ue Re three accesladle
values of perzent CQ and report the resuils
to ine nearest 0 | percenc.

427 Alter the analysis 13 completed
(eak-check (mandatory) the Orsat analyzer
once again. as descnbed n Section 5. For
the results of tne analysis to be valid, the
Orsat analyzer must pass (fus leak tlest
before an alter the analysis.

Notz Although in most instances only
CO. or Q. s required. 1t is recommended
that both CO, and O, be measured. and that
Citation § in the Bidbliography De used 0
validate the analytical daca.

4.3 Mult-Point. Integrated Sampling and
Analytical Procedure.

4.3.1 Both the mummum number of sam.
pling powtts and the sampling pownt location
shail be as specified 1n Section 3.1.1 of thus
method. The use of fswer poLaLs (Nan spec-
{1ed 13 sSudject 1O tRe approval of the Admun-
1134 17.1 8

4.3.2 Foliow the procedures outlined n
Sections 4.2.2 inrough 4.2.7. except for the
{ollawing: Traverse all sampling pownts and
sample at esch point for an equal lengw of
time. Record sampling data a8 shown
rgure 3-3.

8. Leck-Check Procedure for Oriat Anaiyaems

Moving an Oriat analyzer {requently
causes {¢ to leak. Therefore. an Orsat ana-
lyzer should Se :irouglily leak-checked on
site delare the {ue gas sample is (ntroduced
into it. The procedure for leak<hecking an
QOrsat analyzer is:

5.1.1 Bring the liqud level in esch di-
pette uP 10 the refersnce mark on the casil-
lary tubing and then close the pipette stop-
cock.

5.1.2 Raise the leveling duld sufficiently
ta Anng the confining liquid meniscus onto
the graduated portion of the Burette and
then close the manifold stopcock.

$.1.3 Record the meniscus position.

$.1.4 Qbserve the menicus in the duretts
and the lquid level in the pipetts for maove-
ment over the next ¢ winutes.

8.1.5 For the Orsat analyter to pass the
leag-check. twa condicions must de met.

§.1.5.1 The liqud level tn each pipette
must noc fall betow the dottom of the capu-
lary tuding during this 4-muntute nterval.

3.1.3.2 The meniscus in the Jurette must
not change By more than 0.2 ml durinyg this
+-minute lacerval

5.1.8 If the anslyzer fals the leak-<check
procedure. all rubber connections and stap-
cocks should be checked untu the cause of
e leak is ldentified. lLeaking sopcocks
must dDe disassembled. cleaned. and re-
greased. Lesking rubber connections must
de resilaced. Alter the analyzar is reassem-
bled. the lesk-check procedure must de re-
peated.
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§. Calewsiiony
6.1 Nomenciature.

M, = Dry moiecular weight. g/g-mole (Ib/1d
mole).

7. EA o Percent excess air.

7COy@ Pereent CO, By volume (4ry dasis).

Qo Percent O, by volume (dry Basus).

%C0O = Percent CO Dy volumae (dry Basis).

%N, = Percant N, by volume (dry damns).

0.264 = Ratio of Q, to N, in air. v/v.

0.280 » Molecular weight of N, or CO. divid-
ed by 100.

0.320=Molecular weight of O, divided by
100

0.440-&(0]0&1" wveight of CO, divided dY
100.

8.2 Percent Excess Air. Calculate the per-
cent excess air (if applicable), Dy subsutut-
\ng the appropriate values of percent O,
CO. and N, (obtauned from Section 4.1.3 or
4.2.4) 1110 Equation 3-1.

% EAs=

0,=0.9% CO
0.264% Nk %h~0.5 % CO)

Eguation 3-1

Note The equation above assumes tnat
ambiert aur i3 used as the souree of O, and
that the fuel does not contn appreciable
amounts of N, (as 40 coke oven or blast fur-
nace gases). For those cases vhen apprecia.
ble amounts of N, are present (coal. ofl. and
natural gas do not contain sppreciable
amounts of N,) or vhen oxygen enrichment
is used. aiternate methods. subject (o ap-
proval of the Administrator. are required.

4.3 Dry Molecular Weight. Use Zquation
3-2 o calculate the dry molecular vaight of
the stack gas
Mo 20440 % L0« 0.32U R0V -

0.23( %N, - %CO)
Equation 3-3

NoTtE The above equation does not consid.
er argon L air (aboyt 0.9 percent. molecu-
lars weight of 37.7). A negative error of
about 0.4 percent is introduced. The tlester
may ot 0 include argeon 1 the analysns
using procedures sulject 1o approval of the
Administrator.
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METHOD 4=DITIRMIXATION OF MOISTTRE
ConTrn? 1N STACK Gasts

1. Prnciple and Applicednlity

[.1 Principle. A gas sample is extracted
at 3 constant rate {rom the source: moiusture
is removed {rom tne sample stream and de-
termined either volumetnically or gravime-
trically.

1.2 Applicability. This method s applica-
ble for determurung the moisture content of
Stack gas.

Two procedures are giver.. The first is a
reference method. for accurats detarmina.
tions of moisture contant (such as are
needed o calculate emimion data). The
second is an approximation method, whuch
provides estimates of percent meisture o
ad (n setting isokinetic sampling rates prior
10 & pollyutant enmussion measurement run.
The approxiumation method described
herein 13 only s suggested approscih: siter-
native means for approximating the mois-
ture content. ¢.§.. drytng tubes, wet dulb-dry -
buld technigues. condensation technigues.
stwoichiometrie calculations. previous expers.
ence. et are also acceptable.

The reference method 13 ofien conducted
simultaneously w1th & poilutant emission
measurement run: vhen it is. caleulation of
percant isokinetic. sollulant eraission rats.
ote.. for the run shall be Based upon the re-
sults of the reference method or it eQuiva-
lent: these calculations shall not de dased
upon the results of the approximation
method. uniess the approxumation method
18 showTl. 0 the sausfaction of the Admirnus.
wrater, U.S. Eavironmental Protection
Agency. 0 be capable of yielding resulls
within | percent H.0 of the reference
metliod.

Norz The reference method may yield
questionable results when appiied L0 satu-
rated gAS SLIEAIMS OF L0 streams that contain
water dropiets. Therefors. when these con-
ditions exist or are suspected. 3 second de-
termination of the moumure content shall
be made simultanecusly with the reference
method. as follows Assume 1hat the gas
stream is saturated. Attach & tempersture
sensor {capable of measuring to =1° C (2*
)1 Lo Lhe reference method prodbe. Messure

427
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tNe Stack gas temperature at each iratersse
Joint see Section 2.2.1) duning the refer:
ence method traverse: caleulaze tne average
513CKR Zas temperature. Next, determune 'n
T.oIsture percentage. either dy' (1) using a
Jsychrometnic chart and making apprepr-
ile corrections if stack pressure s diffesent
{rom (hat of the chare. of (3) unng satura.
tion vapor sressure tables. In cases whers
the pysehirometric chart or the saturation
Vapor pressure tables are not applicadle
(dased on evaluation of the process), alter-

Title 40—Protection of Environment

nale TeLnods. suiect 1o the aforava. ol Lne
AQMIn.SLTALOr SNd e -sed.

2. Refemence Method

The procedure described .n Method $ for
determining meoisture conlent is accestasie
13 a reference method.

2.1 Apparatus. A schematlic of ihe sam-
pling train used (11 thus reference metnod 3
shown in Flgure 4-1. Al] components shall
be maintained and calidrated accorcding Lo
the procedure outlined 1n Method §.

428
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2.1 Peice The zrade s consiructed of
$1a.7.888 sieel or g.ass tading. sulliczenlly
meaied 10 prevent water cangermsacion. and
S eauisped ath a lilter, entner 1n-slacx
(e g.. 3 plug of glass *00! inserted into tne
end of 1he prode! or Neated out-stack (e.g..
as descrided (n Method 5). Lo remove paruc-
ular macier.

When siack conditions permil. other
=etals or lastic tudbing may be used f{or the
probe. suls;ect to the approval of the Admun-
isLrator.

2.1.2 Condenser. The condenser Consists
of four impingers connecied 1o series wilh
ground glass. iesk-{ree (iLtings or any sumi-
larly lesk-free on-contasunaung fittings.
The first. thurd. and foyesh impingers shall
ne of the Greenburg-Smich design. modified
by reglacing the tip with 3 1.3 centimeter
(‘1 wneh) (D glass tube extending Lo about
1.3 em (= (n.) ‘rom the Sotiom of the flask.
The second (mainger shall de of the Green.
surg-Smuth design vith the standard Up.
Modifications (e.g.. 1sing flexidle connec:
tions Setween the MmAngess. usng malen-
als other than glass. or using [lexidle
vaguum Lines to consect tne fliter holder to
tne condenser) ms)y de used. sudject o the
approval of the Administrator.

The first two impungers shall contsin
xnown volumes of water. the third shall be
empty. and the fourth shall contann 3
xnown weight of 8- to 18-mesh indicaung
type siica gel. or equ:valent desiceant. U
the silica gel has Deen zreviously used. dry
at 178" C (330° F) for 2 Nours. New silica gel
may e used as received. A thermometer. ¢a-
oadie of Mmeasuring temaerature to withun 1’
C (7 . shall be placed at the outlet of the
lourth impinger. (P OAILONiNG DUrDOses.

Alternatively. any system may Se used
(suBbject to the approval of the Adminusts.
tar) that ceols the sample gas stream and
allows measurement of Soth the water tnat
Ras been condensed and the mouture leav-
1ng he condenser. each to snthin 1 mi or
€. Acceptalie means are L0 rmessure the con-
dersed dater. sither gravimetnically or volu-
metrically. and to measure the mousture
lesving the conderser dy: (1) monutonng the
temperature and pressure at the exit of the
condenser and using Dalton's law of partal
pressures. or (2) pasmng the sample gas
stteam through a tared silica gel (or equive-
lent des .cant) trap. with exit gases kept
below 20° C (88° P). and delermunung the
weight gain.

1 means other than silica ge! are used L0
determine the amount of mouture leaving
the condenser. it is recommended Nnat silics
gel (or equivalent) still Se used dDetween the
condenser system and pump. 0 prevent
mowsture condensation i (e pump and me-
tering devices and to avoid the need 10 make

.
.
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S13 Coonng System As e zaln 2z
tainer And crusnes ce ar 2. a.enl are
used 10 AQ 1N conzensing moisiure

LI}
cludes 3 racuum gauge leax ree oumI.
thermomesers capasie of measuning Lem.
perature (@ tnin 30 C (S4B dry gas
meter capadlie of rmessuning voiume 9
within 2 percent. and related equipment as
shawn i Figure ¢-1. Qther metering sys-
tems. capable of maintaiming a constant
sampling rate angd cetermining sample gas
volume. may Be Jsed. subject to the agprov:
3l of the Adm:nmstrator

215 Barometer. Mercury anersid. or
otner Barometer capalie of measur:ng al-
mospheric pressuse o aitmin 2.3 mm Hg
(0.1 tn. Mg may 3e used. [n many cases. tne
barometrie readinig may de obta.ned {rom 3
nearly national weather serice station. in
which case thie statien value (whien 1s the
absoiute Sarcmetric sressure) shall e re.
quested and an adjustment for eievation &1l
ferences detween iNe weather station and
the samsling 2oint snali de applied at 2 rate
of minus 2.9 mm Hg (0.} 1. Hg) Der 0 m
(100 {t) elevation ncresse or vice verss [or
eievation decrease.

2.1.8 Graduated Cylinder andsor Bal.
ance. These 1temis are uted (0 measure Con-
densed water and moutyre caught ot the
silica gel to wuehun | mior 0.9 ¢. Graduated
evlinders shall Rave suddivuions no grealer
taan 2 ml. Most .adoralcry dalances are ca-
pasle of we.gning to the cesrest 0.3 ¢ or
less. These 2alances are suitadle for use
Rere.

2.2 Procecuce. The {ollow:ng procedure
1$ written (Or 4 comdensar systam (Such as
the impunger sysiem descrided (n Section
2.1.2) \ncorporating voiumetric arnalysis to
measure the concdensed Tousture. and siics
gel ang gravumetric analysis (0 messure the
mowture leaving the condenser.

2.2.1 Unless ocherwise specifled By the
Adrumuisirator. A muumum of eight traverse
pownus shall be used for cireular stacks
Raving diameters-less than 0.6l m (2400 2
mimimum of ane points shall de used for
rectanguUIAL SLACKS NaVING equivaient diame-
ters less than 0.61 m (24 n.). and 3 rmun-
mum of twelve traverse points shail de used
int all other cases. The traverse s01nts shall
be located according (o Method 1. The use
of fewer DOt 18 subject Lo e approval of
the Adminsirators Seiect & suitable prode
and prode leagin such that all naverse
points can de sampled. Consider sampling
{rom opposite sides of JNe stask (four total
samphing ports) for large stacks (o permut
use Of shorier Drode lengins. Mark (he
probe with hest resistant tape or dy some
other metnod o denaote the Jroper distance
inte the stack or duct for each sampling

corrections {(Or mouturs 10 the metered point. Place known volumes of water n the
salume. first two impingers. Weigh and record (he
430
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2eght of ine silica gel Lo e nearest 08 ¢,
ang ransfer 1nhe s:lca gel to Lne fourth im-
cinger: altermatively. Lhe silica gel may first
e .ransferred Lo ine .mpinger. and the
wegnt of Lhe silica gel slus impinger record.
ed.

2.2.2 Select 2 otal sampling uime such
that 3 munimum total gas volume of 0.60
sem (21 scf) will be collected. at 3 rate no
greater than 0.021 m*/mun (0 75 efm). When
Soth moisture content and poliutant emis-
sion rate are Lo de deterrmuined. the moisture
determination shall de simultaneous with,
and for the sarme total length of tune as. the
Jollutant emusion rate run. unless other-
wise specified in an applicable sudpart of
the standards.

2.2.3 Set up the sampling train as shown
1t Figure 4-1. Turn on the prode heater and
(if applicable) the /ilter Nesung s'siem L0
temperatures of -about 120° C (248 F). to
srevent water condensation ahead of the
condenser: allow ume for the temperatures
10 stabilize. Place crushed ice ini the ice dath
container. It 13 recommended. but not re-
quired. that a leak check be done. as foliows:
Discortnect the Jrodbe from the first im.
pinger or (U applicable) from the filter
holder. Plug ne inlet L0 the first unpinger
cor filter holder) and pull & 380 mm (1§ in.)
Hg vacuum: 3 Jower vacuum may de used.
provided that it i3 not exceeded dunng the
test. A leakage rate I1n excess of ¢ percent of
the average sampling rate or 0.00087 m¥/
min (0.02 c/m). whichever is Jess. |3 unacced-
table. Following the leak check. reconnect
ne prode 1o the sampling traun.,

2.2.4 Dunng the sampling run. maintain
a sampling rate withun 10 percent of con-

Pt. 60, App. A, Meth, 4

wrator. Far each run. record ihe a3 e
GQuired on the examaie 4ala sneet shoam n
Figure 4-2. Be sure 10 record lRe 2ry gas
meter reading at lne deginning and end of
each sampling lLme increment and s nen.
~ever samplinig 3 Ralted. Take other appro-
Sriate readings at each sample point, at
least once during each ume increment.

2.2.5 To begpin sampling. position the
Srode tp at the {irst traverse pownt. [mme-
diately stam the pump and adjust the flow
1o the desired ~iie. Traverse the cross sec-
tion. sampling at each traverse point /or an
equal lengilt of ume. Add more ice and. :f
necessary. salt to maintain a temperature of
less 20° C (68" ) at the nilica gel outlet

2.5.6 After collecting the sample. discon-
neet the prode from the filter holder (or
{rom the {irst impinger) and conduct a leak
check (mandatory) as descrided n Seclion
2.2.3. Record he leak rate. If the leakage
rale exceeds the allowabdle rate. the tester
shall either reject the tast results or shall
correct the sample volume as it Section 6.3
of Methed 5. Next, measure the volume of
ne molstyre condenrsed 1o Lhe nearest mi.
Determune the ncreass 1 veight of :he
silica gel (or silica gel plus impinger) 10 Lhe
nearest 0.9 g. Record this nforrmation <see
example data sheet. Figure ¢-3) and calcu-
late the moisture percentage. as descnded in
2.3 Selow.

2.3 Calculations. Carry out the follewing
calculations. retaining at least one exira
decirzal figure deyond that of he acguired
data. Round off figures after final calcula-
uon.
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FSCRE $-3=ANA(YTICAL SATA=RETIIENCE

METNOD
e o Smca 30
voume N weg™m g
LT ] -
~u i
scerence . .

23.1 Nemenclature.

3 ~=Proportion of water vapor. by velume.
.n ihe gas stream.

¥ .sMolecular wveight of water. 18.0 g/¢-
mole (18 0 Ib/Id-mole).

P.=AbsOluLe pressure (for thus method.
same a3 darometnc pressure) at the 4ry
sas meter. mm Mg (in. Hg).

P..=Standard adsolute pressure. 780 mm
Hg (29.92 0. He).

R=ldeal gas constant 0.062386 (mm Hg)
(m/cg-mole) CK) for metne units and
2185 an. Hg) (fth/(b-mole) R) for
English units.

T.-;:sol_u:e temperature at meter. ‘K
CR).

T..=S:andard absolule tempersture. 293°
K (S8R

VensDry gas volume measured Sy dry gas
meter dem (def).

sVaeslncremental dry gas volume measured
Ty 4ry gas meter at sach traverse point.
dem de).

U m DY gas volume measyred By the dry
§a3 meter. corrected Lo standarg condi-
Lions. dsem idsef).

Viewe wVolume of water vapor condensed
corrected 10 standard congitions. sam
rsef).

Vesewa s Volume of water vapor collected in
silica gel correcied to standard condi.
Lions. sem (sef).

V" aFinal volume of condenser water. mil.

Vv osimitzal velume. if any. of condenser
water. ml.

W e F=al werght of silica gel or silica gel
slus .m3:nger. g

Woslnitial weight of silica gel or silica gel
2las impinger. §.

Y = Ory gas meter calidration factor.

Pt. 69, App. A, Meth. 4

2.=2ens,ty Of water 09982 g ml 0202201
2 =)
Velume of water “apor condensed.

232

(Vim Voo Tua
Vevwia) B =————————
PaMe
= K(V=V)

Equation 4-1

where:

X, =3.001333 m?¥/mi for metric uniws
=0.0470% ft)/mi for English ynits

2.3.3 Volume of water vapor collected :n
silica gel.

(W= W ATy

Puaile

- XA -W)

Egqualion 4-2

wnere:

K,=0.001338 mi‘g for metric units
=0.04718 ft?/g far English unuts

2.3.4 Sample gas volume.

(’-)‘Tu!)
Vavs: ™ VaV a——
{Puak(Ta)
V.;-
- X7
Te

Equation 4-3

where:

X,=0.3858 K/mm Hg for metric Snits
=17 8¢ R, in. Hg {or Znglish units

NoTE If :he post-test lead rate (Seciion
2.2.5) exceeds the aillonable rate. correct Lhe
value of Va in Equation 4-3. as desenbed 1n
Section 4.3 of Method 8.

2.3.3 Maisture Content.

Vev war = Yeut yiar

L

Vew vitt = Vow wwt: = Ve vior

Equation 4-4

Notr In saturated or moisture droplet.
‘aden gas streams. two calculations of the
Toistyre content of the stack gas shal de
made. one using 3 value dased upon the
satirated conditions (see Section 1.2). and

another dased upon Ne cesulls of the im-
pinger analysis. The lower of these iwo
values of 8 . shall de considered correct.
1.38 Verification of constant sampling
rate. For each lime increment. determine
e S Ve Calculate the average. if the value
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I3r any L.me nerement diflers (rom the
a.erage Dy mare than L0 percens reject thie
results and regeat the »un.

3 Approzimelion Method

The approximation methiod descrided
Selow 13 presented only as 3 suggested
method (see Sect:on 1.20.

3.1 Asparatus.

J.1.1 Probde.-Stainless stee! glass tudbing.
sufficiently neated :o prevent vater conden-
salion and equipped with a filter (e1ither 12
31ack or Neated out-stack) to remove parie-
ulate matter. A plug of glass wool. inserted
1nto the end of the prode. 8 a satisfacrory
Ller.

3.1.2 Impuigers. Two midget :mpingers.
each *7th 30 mi capacity. or equiveient.

3.1.3 Ice Bath. Container and 1ce. (0 aid
1 condensing mousture 1N UNPINEErs.

3.1.4 Drying Tube. Tube packed with
new or regenerated §- to 16.mesh ndicating-
tyoe silica gel (or equivaient desiccant). 0
dry the sarasie gas and Lo protect Lhe meter

ang ump.

1.1.8 Vaive. Needle valve. 10 regulate the
sample gas flow rate.

3.1.6 Pump. Lesk-free. diaphragm tyDe,
or equivalent, 0 pull the gas sample
through the train.

3.1.7 Volume Meter. Dry gas meter. suffl-
c:ently accurate o measure the samdie

Title 40—Protectien of Environmen?

volume within 2%, and calidraied over ine
range of flow rates and condit.ens act.ally
encountered during samoi:ng.

3.1 8 Rate Meter. Rotameter to measuce
the fNlow range from 0 ta 3 !2m (0 g 0.4
cim).

3.1.9 Graduated Cylinder 25 ml.

3.1.10 Barometer. Mercury. aneruid. or
other bsrometer. as descrided n Secuion
2.1.5 above.

3.0L11 Vaeuum Gauge. At least 780 mm
Hg (30 :n. Hg) gauge. L0 De used {or the sam-
pling leak check.

3.2 Procedurs.

3.2.1 Place exactly § m! distilled water in
eacn impinger.

Leak check the sampling tran as followsy:
Temporanly wnsert & vacuum gauge st or
nesr the prode nlet: then. plug the srode
inlet and pull & vacuum of at lesst 280 mm
Hg (10 1n. Hg). Note. the time raze of
change of the dry gas meter dial: alterra.
uvely. 3 rotameter (0-40 ce/min) may be
temporarily attached to the 4dry gas meter
outiet to determing the leakage rate. A leak
rate not \n excess of 2 percent of the aver.
Age sampling rate is accepladie.

Norz Carefully release the prode iniet
plug Defore turning off (e pump.
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Froung 4-$=F1L20 MotsTUne
SETIRMINATION=APPRAXIMATION MITHOD

Jeavem . Sommens
Tent
Sate
Coermier . t e cnenaens
Quomeine orvsswre
Ges voume  Rate e o1
SRR UNE meter (v, M Y/ "'""'c (.",1‘
"y -~

32.2 Connect the prode. insert it into the
stack. and sample at a constant rate of 2
lpm (0.071 cim). Continue sampling unty
the dry gas fmeter registars adout 30 llers
(L1 29 or until visible liquid droplets are
carried over {rom the {irst mpunger o the
second. Record temperature. pressure. and
dry g8 meter readings a3 requured By
Figure 4-5,

3.2.3 After collecung the sample. com.
Bine the contents of the Lwo impingers and
messure tne volyume (0 the nearest 0.9 ml

3.3 Caleulations. The caiculation method
presented is desgried (O estumatle the mois-
ture in Lhe stack gas: therefore. other <4ata.
which are only necessary {or accurate mois-
ture determinations. are not collected. The
following equations sdequately sstumate the
moisture content. for the pursose of deter-
misung sokinetic sampling rate setungs.

13.1 Nomenciature.

B.. s Approximate proportion. by volume.
of waler vapor in the gas stream lesving
the second impinger. 0.028.

B = Water vapor in the gas stream. propor-
tion By volume.

M., aMolecuiar weight of wacer. 18.0 g. ¢
mole (18.0 13/15-mole).

Pon AbsOIuLe pressurs (for this method,
SAINE AS darometric preasure! at the 4ry
$38 metar.

PanStandard absolute pressure. 760 mm
Hg (29.92 in. Hg).

Raldesl gas constant. 0.0623¢ (mm Hg)
(mf/(g-male) C'K) for metne uaits ang
21.88 tin. Hg) (ft/1b-moie) (*R) {or Eng-
lish units.

Te = ADSOlULE temperature at meter, 'K ('R

Twe n Standard adsolute temperature. 293° X
(528° R).

vV, Final volume of impinger contents. mi.

V. alnutial volume of impinger contents. ml.

Title 40~=Protection of Envirenmen:

Y. Jry gas volume measured Dy 2y as
mezer. dem (def).

Vewer = Dry gas volume measured by 27y gas
meter, corrected o standard csnditions.
dsem (dse!).

Vewe = Volume of wsater vapor condengsed.
corzreeuc 10 sitandard conditions. scm
usef).

praDenuity of water, 0.9962 g/mi (0.002201
la/mil).

Y = Dry gas meter calidration factor.

3.3.2 Volume of water vapor coilectad.

*here:

{V = ¥)3eATha

Voo »

Pruniby

K\ V)

Equation 4-8
K. #0.001333 m¥/mi for metric uni’s
«0.04%07 {ti/mi for English units.
333 Gasvolume.

"..:.w""([i—a::) (%)

. Valla
-A. T-
- 'quation 4=

where:
X.«0 3888 ‘K. mm Hg for metnic qnls
«l7.64 'R0, Hg for English units
31.1.4 Approxumate maoisture content.

Ve
q._.-r,.—--h .
B‘.-""P - iend) ' -
1'-(
‘n" -feral

Equatien 4-7

- {0025}

4. Calidration

4.1 For the reference method. cslibrate
equipment as specified .n the foilowing sec.
tions of Method §: Section 3.) (metering
system): Section 3.3 (lemperaiure gauges):
and Section 3.7 (barometer). The recom-
mended leak check of Lhe metering system
(Section 3.8 of Metnod $) also applies (o the
refersnce method. For the approximatlion
method. use the procedures outlined in Sec-
uon §.1.1 of Method € to calibrate the me-
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“re crocedyre of Method
.Ir3le lme sarcmeter

AL PoJdglien Ingineenng Manual
Second Tdition) Danieison. J. A, ted.). US.
av.ronmental Protection Agency. Office of
4.f Quality Planaing and Standards. Re-
search Trangle Park. N.C. Publicauen No.
AP-40. 1973,

2. Devorkin, Howard. et al. Air Pollution
Source Tesung Manual Aur Pollution Con-
wrol Distnet, 1os Angeles. Calif. Novembaer,

1963, . ;
3. Methods for Determination of Velocty,

volume Dust and Mist Content of Gases.
Wesiern Precipitation Divisian of Joy Man-
sfacturing Co. Los Angeles. Calif. Bulleta
AP-50. 1968,

METHOD S=DEITIRMINATION OF PAATICTLATE
EM:3310%3 FROM STATIONARY SOCRCTS

1. Aanciple end Applicaduity

1.1 Praciple. Parucuiate matier i3 with-
drawn sokinetically [rom the source and
collected on 2 glass f{iber filter maintained
at a lemperature in the range of 120=214° C
1248=25" F) or such ather temperature as
soecified By an applicable subpart of the
standards or approved by Administrator,

Pt. 50, App. A, Meth. §
TS, EIav.rcnmerstal Protection Agency or
A AN CL.Al apRucal.en. Tee Sarl.Ca..ale
mass. A nuch nciudes any maler:al tmal fon-
denses at Jr above irme lilirition empera-
tare, 18 determined grmavimelricauly afier re-
moval of sncomoined vater.

1.2 Applicability. This method :3 ap3lica-
ble for ilhe determuinatien of zarticulale
em:issions {Irom stationary sources.

2. Apparetus

2.1 Sampling Trun. A schematic of e
sampling trawn used 1n this method i3 shoamn
in Figure §-1. Complete construction detalls
are given :n APTD-0381 (Clitation 2 in See-
tion 7) cormnmercial models of this tran are
also available. For changes from APTD-
0581 and for allowable modifications of :ne
tran shos™ in Figure $-1. see the foliosing
subsections.

The operating and mauntenance proce-
dures {or Lthe sampling tran are descrided 12
APTD-0378 (Citation 3 :n Section 7). Since
correct usage s Lmportant ia odtauung valid
results. all users shouid read APTD-0876
and adopt the operaung and mawntenance
procedures outlined in it. unless otherwvise
specified hersin. The sampling wran con-
sists of the following compenents:



'+ _SMPLRATURE stuson IMPINGER TRAIN OPTIONAL, MAY BE REPLACED
8Y AN EQUIVALENT CONDENSER
- PRORE
THEAMOMETER
\“" TempERATuRe TEATED AREA THEAMOMETER
" SENSOR CHECK
FILYER HOLDER
MTOT Tust . VALVE
PROBE STACK
\ : | | wauL
Ve -
= =3 VACUUM
LINE
REVERSE TVPE —~.
o PITOT TUBE
L - v
I w
00 / \r ]
PITOT MANOMETER WAPINGERS ICE AATH
8Y-PASS VALVE
ORIFICE s/
VACUUM
GAUGE
MAL v
THEAMOMETERS N VALVE
DAY GAS METER AR TIGHT
PUMP

Figure 5 | Parliculalc sampling tratn
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T UL Pecme Neitle Sta.n.ess sieel 316
Ir o 5.&S8 1N Srarp. lagered leac:ng edge.
Tue ang.e ! caper srail Ye 30° and ne
taser sma.ul e on the oulside (0 sreseme a
comstant .ziermal dameter. The prode
=ozzie shall de ¢f the dutton-hook or elbow
design. unless otheraise specified By the Ad-
murmistrator. 1f made of stainless steel. the
aozzle shall De construcied /rom seamliess
ubIng: other materials of construction may
we :sed. subject to the approval of the Ad-
munsirator.

A mange of nozzle sizes suitable for isokin-.
etic sarmzhing should Se availadie. e.g. 0.32
@ 1.27 ¢m (Y2 L0 ¢ 1N.)=0r larger | Righer
volume samzling trauns are used-—inside ai-
ameter (1D) nozzles 1n increments of Q.06 cm
(g ant.). Each nozzie shall Be calidrateg ac-
cord:ng to :he procedures cutlined n Sec-
uer §. .

2.1.2 Probe Liner. 3orosilicate or quars .

giass lubing with a heaung systerm capadle
of MALAAIING 3 §AS temperature at Lthe exit
end dumng sampling of 120=14' C (248=28°
7). of suca othier temperature as speciiied
=y an applicadle subzast of the standards or
approved by the Admuinistrator for a parte-
2lar applicatien. (The tester may opt 0 9.
erate the equipment at a temperature jover
:man that specified.) Since the actual em-
serature it the outlet of the Drobe s 2ot
ysually monitored dunng sampling. srcsas
canstrucied aceording to APTD-0381 and
Julzimg use caubrasien curves of APTD-
Q878 ‘or calibrated according 8 the proce-
cure outlined in APTD-0378) x1l] be conmd.
ered acceaialle.

Zither soresilicate or quarl glass >rode
liners may Ye used {or stack temperatures
$3 0 about 480° C (800" F) quarg liners
shall Se used for temperatures Setween 480
and 900" C (200 and 1.630* F). Both tyDes of
liners may be used at Righer temperaiures
1han specified {or short perods of iime. sub-
lect 19 the approval of the Administrator.
The sofening temperature for dorosulicate
13 820° C (1.508° . and for quartz it i3 1.300°
C7IT* M.

‘Wrhenever praciical. every effort should
Se made (0 use dorosilicate or quarz glass
=-obe iiners. Alternatively. metal iners
‘e.g., 3.8 stanless steel. Incoloy 828 eor
olher corrogion resistant medals) made of
seamliess tuding may de used, subject to the
approval of the Admunistrator.

2.1.3 Pitot Tube. Type 8. as described 10
Secuion 2.1 of Method 2. or otrer device ap-
sroved Dy the Admirustrator. The 2itot 2ude
shall de sttached 10 the prode (38 shown :n
Figure $-1) to allow constant monitor:ng of
ke stack gas velocity. The impact (righ

- Mention of trade names or specific prod-
uct does not constitule endorsement Sy the
Eavironmental Frotection Agency.

Pt. 50, App. A, Meth. §

Sressore! JpenIng D.ane 3f Lhe St t.oe
$ha. De eLen MILN Cr alsve tme moI.e enlry
s.are (see Method 2. Figure 2-5B) sur-=g
samaling. The Type S pitor tude assemiy
srall Rave a3 xhown coel’icient. cerermined
as ouslined :n Section 4 of Method 2.

2.1.4 Differentia Pressure Gauge. [n-
clined rmanoreter or eguivalent device
(1%9), a8 descm:Ded 1n Seciion 2.2 3f Method
2. One manometer shall be used or rtejocnty
Read (30) readings. and the other. for or:fice
differentia pressure reacdings,

2.1.8 Filter Holder. Borosilicate glass.
=1t a glass (Mt {iiter susport and a silicone
rusber sasket. Other matenals of construc-
tion (e.g.. stainiess steel. TelJon. Viion) may
¢ used. subject (0 apmroval of the Adminis-
trator. The holder design shall provide a
Dositive seal aganst eakage {rom the out.
side or around the filter. Tne Moider shall
be attachied immed:ately at the outliet of the
probe (or cyclene. 1t used).

2.1.8 Flter Heating Svstem. Any heating
svstem capable of mainlaning 3 tempers-
wuire around ine filter holder dunng sam-
oling of 120=!4° C (248=28" F1. or such
other temperature as specified Sy an appli-
cable subpart of the stancards or approved
5y the Admunustrator {OF a Jaricuiar an3li-
cation. Alternatively, the tester may opt 0
operate the equipment at 3 lemperaturs
lower than that specified. A temzerature
gauge capabdle of messunng temperature 1o
atthin 3° € ¢5.4° M skall be :nstalled so ihat
the temperaiuce around the ‘ilter Rolder
can be regulated and momtored dunng sam-
pling. Heating svsiems other :han the one
shown (n APTD-0381 may be used.

2.1.7 Condenser. The followxing syvstem
shall be used 10 deter=une ine slack gas
moisture content: Four :mpingess connecied
i1 series with lesk-free ground glass {iti.ngs
or any similar leak-{ree non-conliminatrg
fittings. The first. third, arnd fourmh 1m-
singers shall de of the Greendurg-Smith
denign. modified By reslacing the U wN
1.3 em (4 i) ID glass tude exiending o
adbout 1.3 ¢cm (1= ;n.) from the dottom of Lhe
Nagk. The second umainger 1hall Se of the
Greendurg-Smith design wiuth ne standard
9. Modifications (e.g.. uning Jexidie con-
nections dDetween (Ne IMIIngeETs. LSiNg male-
rals other :=an glass. or using Jexitle
vacuum lines 10 connect the iiter Nolder L0
the conderser’ may de used. subject 0 lhe
approval of Lthe Admunusirator. The first and
second impingers shall contain knewn quan-
tties of water «Secz:on 4.1.3). the third shall
e empty. and ine fournth shall contan 3
knowm weight of siica gel. of equivalent
desiccant, A (hermometer. cadadle of meas-
uring temperture 10 sithun 1° C (2° ) shall
be placed at the aoutlet of the ‘ounth im-
pinger for monitoring purposes.

Alternatvely. any system tkat cools the
sample gas stream and alioss Measurement
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3!l the sater condensed and mowsture leav-
nginesondenser. each ovitinl mlor l g
may e used. subject %9 (e approval of the
Admuinusirator. Acceptadle means ate (0
measure (Re condensed saler either gravi-
metrically or voiumetricaily and to measuse
tne moisture leaving the condenser By: ‘1)
monitoring the temperature and presaure at
the exit of thte condenser and using Dalton's
law of partial pressures: or (2) paasing the
sample Ras stream Nrough a tared silics gel
(or equivalent desiccant) trap sty exit
gases ket delow 20° C (88° F) and detersun-
ing the waight gatn.

{f means other than silica gel are used to
deterune the amount of mowsture leaving
the condenser. 1t 8 recommended nal silics
gel (or equivajent) still de used Betwveen the
condenser systerm and gump 0 prevent
moisture condensation (2 the pump and me-
tering devices and to avoid tie need 0 Mmake
correcuons for mowture Wn the metered
volumae.

Notx: If a determination of the paricu.
late matter collected it the unpingers i de-
sired 11 addition to moisture content. the
URPIgEr syvtem descrided sdove shall de
used. without modificaticn. I[ndividual
Staces or control agencies requiring thus -
formation shall de contacted s to the
sample recovery and analysis of the im-
pinger concents.

.18 Metering System. Vacuum gauge.
leak-free pump. thermometers capabie of
meAIUriIg temperatusre o witlin 3° € (8.4°
F). doy gas meter capabie of messunng
volume to withua 2 Dercent. and related
equipment. a3 showmn 1 Fgures S-1. Other
metering systams capabdle of mawntauung
sampling rates withun 10 percent of wokine-
ue and of determinung sample volumes to
withun 2 percent Mmay be used. subject to the
approval of the Administrator. When the
mecering systam is used in conjunction sl
1 pitot tude. the system shall enable checks
of soikkinetic rates.

Sampiing trains ucilizing metering sys-
tems desighed for Righer flow rates than
that decrtded (n APTD-0381 or APDT-058
may be used provided that the specifica-
tions of this method are met.

1.1.9 Barometsr. Mercury anersid. or
othar darometer capadle of measuring at-
aaspheric pressure 9 within 1.9 mm Hg
(0.1 in. Ng). In many cases the Barometric
reading may be obtained {rom a neardy fa.
tional weather service station. in which csae
the satioa value (which s the abeolute
barometric pressure) shall de requested and
an adjustment for elevation differences Le-
tveen the weatler station and sampling
peint shall de spplied at & rate of minus 2.9
mm Hg (0.1 1n. Hg) per 30 m (100 [2) eleva.
tion ncreass or vice verss for elevation de-
crease.

Title 4Q0-—=Protection of Environment

2119 Gas Densily Determiraton £3uio-
ment. Temperalure sensor and oressuce
gauge. as descriled :n Sections 23 anc 2.4 of
Metnod 2. and 7as Analyzer. if recessary. as
descmibed 1IN Method J. The temperature
sensor shall. preferadly. be permanienily at-
tached t0 the pitat tube or sampling Srode
1n a {ixed configuration. such that the tp of
e sensor exiends deyond the leading edge
of the prode sheath and does not touch any
metal. Alternatively. the sensor may De at-
tached just prior (0 use i1n tne field. Note.
nowever. that if the temperature sensor (s
attached 1n the fieid. tNe sensor must e
placed 13 an interference-free arrangement
with respect o the Type S pitot tube open.
ngs (see Method 2. Figure 2-7). As a second
alternative. f a difference of not more than
1 pereent it the average velocity measure.
ment is 0 B¢ introduced. the tempersture
gauge need nOt De attached 10 the prode or
pitot tube. (Thus alternative s subject 1o the
approval of the Admuinisiracae.)

2.2 Sample Recovery. The following
1tems are needed.

2.2.1 Prode-Liner and Prode-Nom'e
Brushes. Nyloa dristie drushes with sian.
less stesl wire handies. The prode brush
shall have extensions (at least as long us tNe
prabde) of stainless steel. Nylon. Teflon. or
sizulasly (nert matertal. The Brushes skall
e properly sized and shaped to drush out
the srobe liner and nozzle.

2.2.2 Wash Bottles—=Two. Giass wzash
botiles are recomended: polyethiyiene
wash dociles may be used al the opuien of
the tester. It is recommended that acetone
not de steced 1 poiyethylene Bottles for
longer than & month.

2.23 Glass Sample Storage Containers.
Cramcally cesistant, dorosiicate glass bot.
tiss. for acetone washes. 300 ml or 1000 ml
Screw cap liners skill either dDe rudder-
Backed Teflon or shall be construcied 350 as
ta de leak-free and resustant to chemucal
attack by acetone. (Narrow mouth glass dot-
ties have Been found to de less prone o
leakage.) Alternatively. polyethiylene dotties
may de used.

2.24 Peatrt Dishes. For filter samples
g!ass or polyethylene. unless othervise spec:
fled DY the Administratar.

2.2.8 Graduated Cylinder and/or Bal
ance. To measure condensed watsr o withun
1 ml or { g. Gragduated cylinders shall have
suddivisions no gresier than 2 mi. Most lab-
oratory Balancss Are cagable of weighing to
the nearest 0.5 g of less. Any of thess bal-
ances is suitable or use here and 1t Section
3.4

2.2.6 Plastic Storage Containers. Alr-
tight containers to store silics gel.

2.2.7 Punnel and Rubber Policeman. T2
ud in transf{er of silica gel o contalner: not
necessary \f silica gel s weighed in the {leld.
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X3

s F. Glass or pc.retnhviene, W0
.M samz.e rectiery

S Ara.ass. Fer analisis, e foliowing
Lizment .¢ needed.

~rel

S

13 43 ¥

>
n

231 Glass Weighing Jishes.

232 Desiccarzr.

2.23 Anaivical Balance. To raeasure Lo
aithin 01 ™mg.

2.3.4 Balance. To measure to within 0.5 ¢.

2.3 Beakers. 230 ml

23.8 Hygrometer. To measure the rela.

wve Rumudily of ihe laboratory emviron-
ment. .

2.3.7 Temoerature Gauge. To measure
che temperatyre of the ‘aberalory environ-
ment.

3. Recgenis

3.1 Sampling. The reagents used 1n sam-
2ung are as Jollows:

31.1 Fllers. Glass !ider filters. without
organic Sunder. exh:biting at least 99.23 per-
cent efficiency ( ¢0.08 percent penetraticn)
on 0.3.mieren dioc:vt phthalate smoke sarsi-
cies. The ‘iler efliciency test shall Se con-
ducted = accordance 1t ASTM standard
method D29868-71 (Reapproved 1978) tincor-
sorated By reference—see § 860.17). Test data
from the susplier's quality control program
are sulflcaent for his purpose. In surces
coraung SOy or $Os. :he filter materal
must B¢ of 3 1ype kAt 13 unreactive 1o SOy
gr SQ.. Citaticn .0 :n Section 7 Bibliogra-
shy, may de used 10 select ihe appropriate
{ilter.

3.1.2 Silica Gel. Indicating type. § to 16
mesn. i srevious!y used. dry at 178" € (380°
F) fer 2 nours. Nevw silica gel may de used &3
received. Ajtermauvely. other types of desic.
cans .equivalent or detter! may %e used.
subject 0 he agzroval of the Admunustra.
1er.

31.1.3 ‘Faer. When antaiyns of the mate-
r:al caught inn the iumpingers s required, dis-
uiled zater shall Be used. Run Slanks pnor
1@ fHeld use 10 elirminate a Righ Blank on test
sarmples.

3.1.4 Crushed e

1.1.5 Swopcoek Grease. Acetone-irsoludle,
“eat-siable sticone grease. This i3 not nee-
eSIArY if srew-on cornectors sith Teflon
sleeves, or similar. are used. Alternatively,
othel types of stopcock grease may de used,
sudject 1o the approval of the Admialstra.
tor.
3.2 Sampie Recovery. Aceione-resgent
grade. <0.001 percent cesidue. ‘n glass dot.
tles—=is required. Acetone from metal con-
tainers generally has a high residue dlank
and should not de used. Sometimes. suppli-
ers rinafer acelone 0 glass bottles {rom
metsl containery: thus, acetone dlanks shail
Ye rua znor 0 fleld use and only acetone
with low blank values (¢0.001 percent) shall
2e used. In no case shall a Slank valye of
greaser Jhan 0.001 percent of tne weight of

Pt. 40, App. A, Meth. §

acelone used be sustracied rcm he samz.e
aeigne.

33 Analvsis. Tuo reagesis are reguired
for the analyvus:

331 Acetone. Sameas 3 2.

3.32 Desiccant. Anhydrous caleium sal-
fate. :ndicating type. Alterratively. oiner
types Of desiccants may be used. subject .0
the approval of the Admunistralor.

4. Procedure

4.1 Sampling. The complexity of 1hs
method i3 such that. in order to ¢biain reil-
adle results, testers should Se trained and
experienced with the Legt grocedures.

4.1.1 Pretest Prezaration. All ike compo-
nens shall e mantaned and calibrated ac-

cording tQ the 3arocedurs desermbded .n
APTD-0376. unless otherwise specified
hereln.

Weigh several 200 0 300 g poruons of
silics gl .0 awr-tight containers Lo (e near
est 0.3 8. Record ihe total weight of tne
silica gel plus container. on each contaiter.
As An allermatne the glica gel need not e
prevwe:ghed. DUt may be weighed directly .n
he umpinger or sampuing Rolder just sricr
10 traun agsermbdly.

Check !ilters visually against light ‘or >
regulanities and flaws or 3inhols leaks.
Label [{lters of the 3raper diammeter on the
Back 51de near tNe edge using numbdenng
machine k. As an aiternative, label the
ShIDpInG containers (§:ass or slaslic petn
dishes) and keep the {{1ter 10 these contain.
ers At all Limaes except dumng sampling and
weighing.

Deniceate tne {lltess at 20=5.6 C 88=:0°
) and amsient 2ressure for at Jeast ¢
nours angd we:gh at inlervais of at east §
nours 9 a constant aeignt. te. 0.3 mg
change from previous weghing: record re-
sults 0 the neavest 0.1 mg Dunng each
weighing :he /lier =ust not de exposed Lo
the laboratory attmosphere ‘or a1 peneod
greater than 2 rmunutes and 3 felative nu.
mudity above 30 percent. Alternauvely
(uniess otleraise specified By he Admin:s.
t>ator). the liers may e oven dned at 103
C (220° F) ‘or 2 1@ 3 riouss. demccated [or 2
hours. and zeighed. Procedures other han
thase deser:bed. which account for rejative
nurzidity elfecis. |ay de used, supdlect 0
the approvsl of the Adminisiraior.

4.1.2 Preliminary Determinations. Select
the sampling st and the minimum number
of sampling soiats accerging 10 Method | or
ad specified By the Admunistoator. Deter-
mine the stack pressuce. lemperature. arld
the range of veloeity Neads using Method 2;
it is recommended that 8 leak-check of ine
pitot lines (see Method 2, Section 1.1! de
performed. Determine the moisture content
using Approximation Method ¢ ar 18 aiter-
natives ‘or (e purpese of making isokinetic
sAmDling site setungs. Determing the stack
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Pt. 60, App. A, Meth. §

gAS STy moiecular we:ght. as Jescrived o
Meinod 2. Section 3 8. :f integraiied Method
1 samslng s used for molecular s eighit 3
termuination. the integrated dSag sample
snail Be taken nimuitaneously with, ang [or
the same tocal length of lime as. the parie:
ulate sample run.

Select a nozzle size based on e range of
velocity Reads. such that it i3 nOt necessary
10 change the nozzle size in order o man-
rain isokinetic samplung rates. Dunng the
run. do not cnange the nozzle size. Ensure
that the proper differental pressure gauge
15 chosens [ar the range of velocity heads en-
countered (sae Section 2.2 of Method 2).

Select a suitable prode Liner and prode
length such that all (raverse points can de
sampled. For large stacks. consider sampling
{rom opposite sides of thie siack to reduce
the lengilt of proves.

Select 3 total sampling tune greater than
or equsl to the mummum total sampling
ume specified 10 the test procedures [or the
specific industey such nat (1) the sampling
ume per Doint & ao¢ less than 2 mun (ar
some greater time interval a3 specified Dy
the Admunistrator). and (2} the sample
volume taken (correcied 1o standard condi-
tions) will excsed the required unuAWM
1otal gas sample volume. The latiar s Sased
on AR ADDLOXUTALE AVErnge sampiing rate.

It 13 recommended that the numbder of
minutes samied at each Haint be an integer
or an integer pius one-nalf minute, 1n order
10 avoid timekeeping errors. The sampling
tizme at each pount shall de the same.

In some cirummstances. ¢.§.. Bateh cycles. it
may Be necessary 0 sample for shorter
rmes At the traverse pownss and 10 odtain
saller gas sampaie volumes. [0 tnese cases.
the Administrator's approval must {ir3t Se
obtained.

+.1.3 Prepartion of Colleciion Traun.
During prepanstion and assembdly of the
sampling train. xeep sll operungs where con-
tamination can occur coversd until ust
prior Lo assembly or until sampling 13 about
1o beginl.

Place 100 ml of water in each of the first
w0 impingers. leave the thurd imauager
empty. and transfer spproximasly 200 o
300 g of prewsighed silica gel (rom 13 con.
tainer to the fourth impunger. More suica
gel may de used, dut care should de taken 0
ensure that i¢ is not entrained and carried
out from the impinger dunng sampling.
Mace the container i & clean place for later
use In the sampie recavery. Alternatively,
the weight of the silica gel plus .mpunger
may de determined to the nearest 0.5 g and
recarded.

Using & tweezer Oor clean disposable surgl-
cal gloves. place & labeled (identified) and
waighed filter in the fiitar hoider. Be sure
inat the [llter 8 sroperty centared and the
gasket properly placed 30 as 1o prevent the
sample gas stream from cireumventng tie

Title 40~—Protection of Environmen?
fiter Cneex ine [lter far sears aller assem.
Bly 13 compreted,

When glass Lners are used. (nstall the se.
lected nozle using a Viten A Q-ring when
STACK temDeratures are less than 260° C
(500° P) and an asdestos stnng gasket L nen
temperatures are Nugher. See APTL-0578
for decails. Other connecting systems using
either 316 staniess steel or Teflon ferrules
may De used. When metal liners are used.
install the nozzle as abave or By 3 leak-{ree
direct mechanical connection. Mark the
probe with neal fesistant tape or 3y sorme
other metiod Lo denote the proper distance
1Ate the 3tack or duct for esach samplung
pont.

Set uD the trant a3 1 Figure 5-1. using «if
necessary) a very lLight coat of silicone
grease on all ground glass jounts. greasung
only the ouer poruon (see APTD-0578) to
avold posmiBulity of contarmunacion 2y the
silicone greass. Subject o the approval of
the Admusustrator. & glass cyclone may de
used bDetween tle prode and filter Rolder
shen the total particulate catel s expected
19 exceed 100 mg or whes waier droplets are
Sresent i the stack gas.

Place crushied 108 around the unpingers.

4.1.4 Leaak-Check Procedures.

4.1.4.1 Pretest Leak-Check. A Dretest
leak-check i3 recommended. But not re-
quired. If the tester opts C0 conduct e pre-
test leak-check., the following Jrocedyse
shall be used.

Alter the sampling iran Ras deen ssIam-
sled. turn on and set the flier and Srode
Reating systems at the deswred operaling
temaetatuses. Allow time for the lempena.
tures to stabilize. If a Vitona A Q-ring or
othter leax-free conneciion is used 1 Jssem-
bling the prode nozle 9 i Srobe liner,
leak-chieck the tran at the sarmaling site Oy
plugging the nozmie and pulling 3 380 ma
Hg (18 in. Hg) vacuum.

NoOTE A lower vacuum r=3y be used. 2ro-
vided tnat it is not exceeded dunng (e lest.

1! an asdaestos string 8 used, 4o not con:
nect the Prode 1o the (run curtdy tne leak-
check. Instead. lesk-check the tran by (irst
plugging the inlet to the (ilter holder
(eycone. |f aoplicadie) and pulling & 180 mm
Hg (19 in. He) vacuum (sae Nota imunediale-
ly above). Then connect the Drodbe Lo the
train and leak-check st about 28 mm Hg (1
8. Hg) vacuum: alternativeiy. ine prote
may be lesk-checked with the rest of the
sampling train. in ore step. at 140 mm Hg
(13 0. Hg) vacuum. Leskage in exceas
ol 4 parcent of the average sampung rate of
0.00037 m?/min (0.03 c{m). whuchever 15 less.
are unacceptabdle.

The lollowing lesk-check instructions for
the samgling trun descrided in APTD-0578
and APTD-0381 rmay de heipful. Start the
sump with bypass valve fully open and
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APPENDIX C--MEASUREMENT OF TOTAL HYDROCARBONS [N STACX GASES FROM
HAZARDOUS WASTE INCINERATORS, BOILERS, ANO INOUSTRIAL FURMACES

1.0 Applicability and Principle

1.1 Applicability.

This method applies to the measurement of total hydrocarbons as a surrogate
measure for total gaseous organic concentration in the combustion gas
stream. The concentration is expressed in terms of propane by volume (ppmv).

1.2 Principle.

A gas sample is extracted from the source through a sample line, and gqas
conditioning system to a flame fonization detector (FID). Resylts are
reported as volume concantration equivalents of the propane.

2.0 Definitions

2.1 Contimuous Emission Monitoring System (CEMS).

The CEMS is comprisad of all the equipment used to generate data and includes
the sample extraction and transport hardware, sample conditioning system, the
FID analyzer(s), and the data recording/processing hardware (and software).

2.2 Contimpgus.

A continucus monitor 1s one in which the sample to be analyzed passes the
measurement section of the analyzer without intarruption and which evaluates
the detector responses t0 the sample at least once each 15 s and records the
average of these observations each and every minute.



The hourly rol11ng.averaqe {s the arithmetic mean of sixty (60) most recan:
l-min average valyes recorded by the continuous monitoring system.

2.3 Span Value.

-The upper 1imit of the gas concentration measurement range. For most incine-
rators a S50-ppm propane span is appropriate. Higher span values may be
necessary if the THC emission spikes are several and higher. In such cases a
100-ppm propane span should be adequate. For convenience, the span value
should correspond to 100 percent of the recorder scale.

2.4 Calibration Gas.
A known concentration of & gas in an appropriats diluent gas.

2.5 Zero Orift.

The difference in the measurement systeam response to & 2ero level calibration

gas before and after & stated period of operation during which no unscheduled
maintenance, repair, or adjustment took places.

2.6 Calidration Orift.

The difference in the seasurement system response to & mid-level calibration
gas befores and after 4 stated period of operation during which no unscheduled
maintenance, repair, or adjustment took placs.

2.7 Resporngg Tims.

The tims intsrval from a step change in pollutant concantration at the inlet
to the emission measurement system to the time at which 95 percent of the
corresponding final value is reached as displayed on the recorder.
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2.8 Calibration Error.

The difference between the gas cancentration indicated by the measurement sys-
tem and the known concentraticn of the calibration gas. '

3.0 Monitoring Systes Types

There are two accaptable types of THC monitoring systems: heated and
unheated. Heated systems maintain the temperature of the sample gas between
150° to 175°C throughout the system. This requires all system components 1ike
probe, calibration valve, filters, sample lines, pump, and the FID analyzer to
be kept heated at all times such that no moisture is condensed cut of the
system. Unheated systems remove excess moisture from the system and pass it
through a gas conditioning system kept at temperatures between 5° to 18°C (40°¢
to 64°F) so that the moisture of the sample gas entearing the FID does not
exceed 2 percent.

3.1 CBS Components.

The essential components of the measurement system are described below.

i.1.1 FID Analyzer.

That portion of the system that senses organic concantration and generates an
output proportional to the gas concantration.

3.1.2 Oaga Recorder.

That portion of the system that computes the hourly rolling averages, displays
and records & permanent record of the measurement values. Combinations of
gauges, strip chart recorders, data loggers, and computers are examples. The
minimum data recording requirement is one measursment value per min.
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3.1.3 Sample Probe.

Stafinless steel, or equivalent, three-ngle rake type. Sample holes sna' " -e
4 mm in diameter or smaller and located at 16.7, S0, and 83.3 percent of -re
equivalent stack diameter. Alternatively, a single opening probe may ne used

sO that 3 gas sample is collected from the centrally located 10 percent area
of the stack cross section.

3.1.4 Semple Line.

Stainless stee! or Teflon* tudbing to transport the sample gas to the analyzer.

3.1.5 Calibration Valve Assembly.

A three-way valve assembly to direct the zero and calibration gases to the
analyzers is recommended. Other methods, such as quick-connect lines, to
route calibration gas to the analyzers are applicable.

3.2 Sample Conditioning Systam for Unheatad Analyzer.

A sample conditioning system consisting of particulats filter(s), chiller(s),
and condenser(s) shall be provided to remove particulates and excess moisture
from the sample gas before it reaches the FID. Particulates removal prevents
damage to the pusp and the sampling valves and avoids full or partial blockage
of sampling lines which could resylt in decreased flow to the FID. The
particulate filters may be of in-stack or out-of-stack type and should be
heated to prevent condensation.

The moisturd contant of the sample gas entering the FID should not exceed 2
percant. Chillers or condensers should be provided in the system %o take out
the excass moisture. A tamperaturs between 40° to 64°F should be maintained
in the sample conditioning system, since the saturated moisture content of air

* Mantion of trade names or specific products does not constituts endorsement
by the Environmental Protection Agency.
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at those temperatyres would be 0.8 to 2 percent. The chiller/condenser s,scte
should not allow the sample gas to bubble through the candensate o srever
stripping of soluble organics cut of the gas stream.

4.0 Calibration and Other Gases

Gases used for calibration, fuel, and combustion air (if required) are con-
tained in compressed gas cylinders. Preparation of calibration gases shall be
done according to the procedure in Protocol No. | (1isted in Reference 2,
Section 10.0). Additionally, the manufacturer of the cylinder should provide
a recommended shelf 1life for each calibration gas cylinder over which the
concentration does not change more than 22 percant from the certified value.

4.1 Fuel.

A 40 percant H,/60 percent He or 40 percant H,/60 percent N, gas mixture is
recommended to avoid an oxygen synergism effect that reportedly occurs when
oxygen concantration varies significantly from a ssan value.

4.2 Zero Gas.
High purity afr with less than O.1 parts per million by volume (ppav) of

organic material methane or carbon equivalent or less than 0.1 percent of the
span value, whichever is greater.

4.3 Low- 1 Call A | .

Propane calipration gas (in air or nitrogen) with a concentration equivalent
to 20 to 30 percent of the applicable span value.

4.4 M 1 Cald ion .

Propane calibration gas (in air or nitrogen) with & concentration equivalent
to 45 to S5 percent of the applicable span value.
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4.5 High-Level Calibration Gas.

Propane calibration gas (in afr or nitrogen) with a concantration equiva ar-
to 80 to 30 percent of the applicable span valye.

5.0 Measurement System Performance Specifications

5.1 Zero Orift.

Less than =3 percent of the span value.
§.2 Calibration Orift.

Less than =3 percent of the span value.
§.3 Calibration Ervor.

Less than =5 percent of the calibration gas value.

6.0 Pretast atd

6.1 Salection of Sampling Sits.

The location of the sampling site is generally specified by the applicable
regulation or purpose of the test, 1.e., exhaust stack, inlet line, etc. The
sample port shall be located at least 1.5 m or 2 equivalent diameters upstream
of the gas discharge to the atmosphers.

6.2 Locatien of Semple Probe.

Install the sample probe so that the probe is cantrally located in the stack,
pipe, or duct and is sealed tightly at the stack port conmection.
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6.3 Measurement System aration.
Prior to the emission test, assemble the measurament system following :-e
mnanufacturer's writtan fnstructions in preparing the sample interface and -re

srqanic analyzer, Make the system operable.

6.4 Calibration Error Test.

[mmediately prior to the test series (within 2 h of the start of the test)
introduce zero gas and high-level calibration gas at the calibration valve
assembly. Adjust the anmalyzer output to the appropriate levels, {f necss-
sary.. Calculate the predicted response or the low-level and mid-level gases
based on a linear response line between the 2erc and high-level responses.
Then introduce low-level and mid-level calibration gases successively to the
measurement system. Record the analyzer responses for low-level and mid-level
calibration gases and detarmine the differencas between the measuresent systam
responses and the predicted responses. These differencas must bde less than
5 percant of the respective calidbration gas value. I[f not, the ssasurement
system is not acceptable and must be replaced or repaired prior to testing.
No adjustments to the measurement system shall be conducted aftar the calibra-
tion and befors the drift check (Section 7.3). I[f adjustments are necessary
before the completion of the tast series, perform the drift checks prior to
the required adjustments and repeat the calibration following the adjust-
ments. [f multiple electronic ranges are to be used, each additional range
must be checked with & mid-level calidration gas to verify the sultipiication
factor.

6.5 Response Tims Tegt.

Introducs tl;o gas into the seasurement system at the calibration valve asses-
bly. When the systam output has stabilized, switch quickly to the high-level
calibration gas. Record the time from the concentration change to the mea-
surement system response equivalent to 95 percent of the stap change. Repeat
the tast three times and average the results.
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7.0 Emissions Megsyrement Test Procadure

7.1 Organic Measurement.

Segin sampling at the start of the test period, recording the time and any re.
gquired process information as appropriate. In particular, note on the record-
ing chart periods of process interruption or Cyclic operation.

—~

7.2 0Orift Determination.

[mmediately following the completion of the test period and hourly during the
test perfod, reintroduca the zero and mid-level calibration gases, one at a
time, to the measurement system at the calibration valve assembly. (Make no
adjustments to the measurement system until after both the zero and calibra-
tion drift checks are made.) Record the analyzer response. [f the drift
values exceed the specified limits, invalidate the test resylts preceding the
check and repeat the test following corrections to the measuresent system.
Altarnatively, recalidbrate the test measurement system as in Section 6.4 and
report the results using both sets of calfbration data (f.e., data determined
prior to the test pericd and data determined following the tast period).

8.0 Organic Concentration Calculations

Jetermine the average organic concantration in terms of ppmv propane. The
average shall be datermined by the integration of the output recording over
the period specified in the applicadble requlation.

9.0 Totg! Levels

THC levels from the .trul burn will be reported as ppmv propane and need to be
converted to the mg/s units used for the de minimis THC values. This

conversion is accomplished with the following equation:



where:

where:

THC, mg/s = (THC ppmv propane) x (Stack gas fiow) x 2.8 x 10°2

4

THC = concentration as measured by the THC method, zom
propane,

Stack gas flow = in dry standard cubic meters per minute
measured by EPA Reference Method 5 (or Modified EPA Method &)
during the ORE trial burn, and

The constant factor 2.8 x 107 is derived from the following

equation: (6.9 x 10“} (43. 0
(0.7%) (l1.5%)

6.9 x 10“ = factor to convert units,

45.3 = waightad average molecular weight of the generic list

of carcinogenic and noncarcinogenic compounds, §/g-sole,

1.5 = ratio of response of propane (3.0) to the weighted
aversge response of the generic 11st of compounds (1.95) to a
flame fonization detector, dimensionless, and

0.7 = dimensionless factor %0 adjust the seasured THC for
the potential loss of heavy organics in the sampling
systam. Thigs factor is based on a conservative analysis of
the fraction of the total organic mass emitted from
combustion devicas that is nonvolatile and, therefore, has
potential to condense or be adsorbed in the sampling system
precluding detection by the THC monitor.
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10.0 81b11ography

Measurement of Volatile Organic Compounds—Guideline Sermes, .S
Envircrmental Protection Agency, Research Triangle Park, North Carolina
Publication No. EPA-450/2-78-041, pp. 46-54 (June 1978).

Traceability Protocol for Establishing True Concentrations of Cases Used for
Calibration and Audits of Continuous Source Emissions Monitors (Protocol No. 1),
uU.S. Environmental Protection Agency, Envirormental Monitoring and
Support Laboratory, Research Triangle Park, North Carslina (June 1978).

Casoline Vapor Emission Laboratory Ewaluatiom—Part 2, U.S. Envirommental

Protection Agency, Office of Air Quality Planning and Standards, Research
Triangle Park, North Carolina, EMB Report No. 75-GAS-6 (August 1975).
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METHCD

MIDGET IMPINGER HC1/Cl, EMISSION SAMPLING TRAIN

DRAF;

This sethod has been drafted based on the results of laboratory and field
studies carried out under contract to the Source Branch of the Quality
Assurance Division., Atacspheric Research and Exposure Assessuent Laboratory
(QAD/AREAL), United States Environmental Protection Agency (U.S. EPA). The
method is still under investigation and is subject to revision.



METHCD

MIZGET IMPINGER HCL 'Cl, EMISSICON SAMPLING TRAIN

(&)

SCCPE AND APPLICATICN

1.1 This method describes the collecticn of hydrogen chloride (HCL. ZAS
Registry Nuaber 7647-01-0) and chlorine (Cl,, CAS Registry Number 7782-33-3;
in stack gas emission samples from hazardous waste incinerators and munic:ipal
waste combustors. The collected samples are analyzed using Method XXXX. This
nethod is designed to collect HC1/Cl, in their gaseous forms. Sources, such as
those controlled by wet scrubbers, that emit acid particulate matter (e.g., HCL
dissolved in water droplets) must be sampled using an isckinetic HC1l/Cl,
sampling train (see Method XXXX).

2.0 SUMMARY OF METHOD

2.1 An integrated gas sample is extracted from the stack and passes
through a particulate filter, acidified watar, and finally through an alkaline
solution. The filter serves t0 remcve particulate satter such as chloride
salts which could potentially react and form analyte in the absorbing solu-
tions. In the acidified water absorbing solution, the HCl gas is solubilized
and foras chloride (Cl°) ions. The Cl, gas present in the emissions has a very
low solubility in acidified water and passes through to the alkaline absorbing
solution where it undergoes hydrolysis to fora a proton (H*), Cl1°, and
hypochlorous acid (HC10). The Cl° ions in the saparate solutions are measured
by ion chromatography (Method XXXX).

3.0 INTERFERENCES

3.1 Volatile materials which produce chloride ions upon dissoluc:ion
during sampling are obvious interferences in the seasuresent of HCl. Cne
interferent for HCl is diatomic chlorine (Cl,) gas which disproporticnates =o
HCl and hypochlorous acid (HOCl) upon dissoluticn in water. Cl, gas exnib:its a
low solubility in water. however, and the use of acidic rather than neutral or
pasic soluticns for collection of hydrogen chloride gas greatly reduces che
dissolution of any chlorine present. Sampling s 400 ppa HCl gas streanm
containing 350 ppa Cl, with this sethod does not cause a significant bias.
Sampling a 220 ppm HCl gas stream containing 180 ppa Cl, results in a positive
bias of 3.4% in the HCl measurezment.

4.0 APPARATUS AND MATERIALS

4.1 Sespling Train. The saspling train is shown in Figure 1 and
component parts are discussed below.

U.1.1 Probe. Borosilicate glass., approximately 1/8-in., (Q-==
inside diameter, with a hesting system to prevent condensaticn. When the
concentration of alkaline particulate satter in ths eaissions is high, a
3/8-in. (9-mm) inside diameter Teflon elbow should be attached to the
inlet of the probe: a l-in. (25-mm) length of Teflon tubing with a 3'8-in.

oKX -1 Revision
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'3-am) inside diameter should be attached at the ocpen end 3¢ :he
perz=it the cpening of the probe to be turned away from =ne gas st
tnus reducing che agount of particulate entering the =rain. ahen oo
concentratizsns of parcticulate matier are not presant, the Teflzn elt
nct necessary, and the prote inlet can te perpendicular %o the gas s
when sampling at locazions where gas temperstures are greater than .
approxizately <00°F, such as wet scrubber inlets, glass or quarzz elbcws.
aust be used. In no case should a glass wool plug be used to remove
particulate satter; use of such a filtering device could result in a bias
in the data.! Instead, a8 Teflon filter should be used as specified :in
Section 4.1.5.

4.1.2 Three-way stopcock. A borosilicate, three-way glass stopcock
with & heating system to prevent condensation. The heated stopcock
should connect directly to the cutlet of the probe and filter assembly and
the inlet of the first impinger. The heating systea should be capable of
preventing condensation up to the inlet of the first impinger. Silicone
grease may be used. if necessary, to prevent lesskage.

4.1.3 Impingers. Five 30-al midget impingers with leak-free glass
connectors. Silicone grease may be used, if necessary, to prevent
leakage. For sampling at high moisture sources or for extended sampling
times greatar than one hour. a sidget iapinger with a shortened stea (such
that the gas sample does not bubble through the collected condensate)
should be used in front of the first impinger.

4.1.4 Mae West izpinger or drying tube. Mas West design impinger
{or drying tube, if a soisture deterszination is not to be conducted)
filled with silica gel, or equivalent, to dry the gas sample and to
protect the dry gas zeter and puzp.

4.1.5 Sample line. Leak-{ree, with compatible fittings to connect
the last impinger to the needle valve.

4.1.6 Barometer. Mercury, aneroid, or other barcaeter capable of
measuring atmospheric pressure within 2.5 mm Hg (0.1 in. Hg). In many
cases, the barcaetric reading say be obtained from a nearby National
Westher Service station, in which case the station value (which is the
absoluts barcastric pressure) shall be requested and an adjustaent for the
elevation differsnces between the weather station and sampling point shall
be applied at rate of minus 2.5 =m Hg (0.1 in. Hg) per 30 m (100 ft)
elevation increase or vice verss for elevation decrease.

4.1.7 Purge pusp, purge line, drying tube, needle valve, and rate
seter. Pump capsble of purging sample probe at 2 liters/ain, with drying
tube, filled with silica gel or equivalent, to protect pusp, and a rate
zeter, O to § liters/min.

4.1.8 Metering systea. The following items cosprise the zetering
systes which is identical to that used for EPA Method 6 (see Reference 5).

4.1.8.1 Valve. Needle valve, to regulate sample gas flow rate.

XX - 2 Revision
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4.1.8.2 Pump. Leak-free diaphragm pump, or equivalenz. =z =-.
gas cthrough =rain. Inscall a small surge tank between =ne guzp 2n:

the -ate meter tO elizinate the pulsaticn effect cf the diapnrags
PumpP cn the rotamecer.

4.1.8.3 Rate meter. Rotameter, or equivalent, capable cf
A

measuring flow rate to within 2 percent of selected flow raze cf =2
liters/min.

4.1.8.4 Volume meter. Dry gas meter, sufficiently accurate :2
zeasure the sample volume within 2 percent, calibrated at the
selected flow rate and conditions encountered during sampling, and
equipped with a temperature gauge (dial thermometer or equivalent)
capable of measuring temperature to within 3°C (5.4°F).

4.1.8.5 Vacuum gauge. At least 760 mm Hg (30 in. Hg) gauge :o
be used for leak check of the sampling train.

4.2 Sample Recovery.
4.2.1 Wash bottles. Polyethylene or glass, 500 al or larger., two.

4.2.2 Storage bottles. Glass, with Teflon-lined lids, 100 aml., to
store impinger sasples (two per sampling run).

5.0 REAGENTS

5.1 Reagent grade cheamicals shall be used in all tests. Unless otherwise
indicated. it is intended that all reagents shall confora to the specificaticns
of the Committes on Analytical Reagents of the American Chemical Society, where
such specifications are available. Other grades may be used, provided it :
first ascertained that the reagent is of sufficiently high purity to permit .ts
use without lessening the accuracy of the deterainstion.

5.2 ASTM Type II Water (ASTM D1193-77 (1983)). All references to water
in the method refer to ASTM Type II unless otherwise specified. It is
advisable to analyze a blank sample of this reagent prior to sampling, since
the reagent blank valus obtained during the field sample analysis aust be less
than 10 percent of the sample values (see Method XXXX).

5.3 Sulfuric scid (0.1 N), H,SO,. Used as the HCl absorbing reagent. T2
prepare 10Q alL, slowly add 0.28 al of concentrated H,SO, to sbout 90 al of
water while stirring, and adjust the final volume to 100 al using additional
water. Shaks well to six the solution. It is advisable to snalyze a blank
sanple of this reagent prior to sampling, since the resgent blank value
obtained during the field sample analysis sust be less than 10 percent of the
sazple values (see Method XOXX).

5.4 Sodium hydroxide (0.1 N), NaOH. Used as the Cl, absorbing reagent.

To prepare 100 mL, dissolve 0.40 g of solid NaOH in about 90 al of water and
adjust the final volume to 100 mL using additicnal water. Shake well to 2:x
XX - 3 Revisicn
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the solution. It ig advisable toc analyze a blank sample of this reagen=z zoi:t

t2 sampling, since the reagen: blank value obtained during the f:eld sa=c.s=
analysis 3ust be less than L0 percent of the sazple values {(see Merznod L

[PASR AN

- -

.5 Filter. 25-zm Teflcn mat Pallflex® TXUCHITS or equivalent.
Lscate . & glass or quartz filzer holder in a filter box heated to 25C°F.

\p1}

5.6 Stopcock grease. Acetone-insoluble, hesat-stable siliccone grease zay ‘
be used, if necessary.

5.7 Silica gel. Indicating type, 6- to l6-mesh. If the silica gel has
been used previously, dry at 175°C (350°F) for 2 hours. New silica gel may be
used as received. Alternatively, other types of desiccants (equivalent or
better) may be used.

6.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING

6.1 Sample collection is described in this method. The analytical
procesdures are described in Method XXXX.

6.2 Samples should be stored in clearly labeled. tightly sealed
containers between sample recovery and analysis. They may be analyzed up to
four weeks after c¢ollection. .

7.0 PROCEDURE

7.1 Calibration. Section 3.5.2 of EFA's Quality Assurance Handbool,
Volume III (Reference 4) may be used as a guide for these operations.

7.1.1 Dry Gas Matering Systes.

7.1.1.1 Initial calibration. Before its initial use in the
field, first leak check the metering systea (sample line, drying
tube, if used, vacuum gauge. needle valve., pump, rste seter, and dry
gas zeter) as follows: plug the inlet end of the sampling line, pull
a vacuum of 250 mm (10 in.) Hg, plug off the outlet of the dry gas
zeter., and turm off the pump. The vacuuam should resain stable for
30 seconds. Carefully release the vacuum from the systas by slowly
resoving the plug from the sample line inlet. Remove the sampling
line (and drying tube. if applicable), and connect the dry gas
zetering systes to s appropriately sized wet test seter (e.g.. .
liter per revolution). Make three indspendent calibration runs.
using at least five revolutions of the dry gas meter per run.
Calculate the calibration factor, Y (wet tast sster calibration
voluse divided by the dry gas seter volume, with both voluses
adjusted to the sase reference tesperature and pressure), for each
run, and average the results. If any Y value deviates by more zian ¢
percent from the average, the metering systes is unacceptable fcor
use. Otherwise, use the average as the calibrstion factor for
subgsequent test runs.
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7.1.1.2 Pogt-zest calibration check. After each S.elsi -as-
series, conduct a calibration check as in Sectiocn 7...... azcuse.
except fcr the following variations: (a) the leak check s nct =z =
cenducted, (o) three or more revoluticns of the dry gas 3eter zay =
used., (¢) only two independent runs need to be made. IF tne
calibration factor does not deviate by more than 5 percent froca zne
initial calibration factor (determined in Section 7.1.1.1), the drv
gas meter volumes obtained during the test series are acceptable. =°
the calibration factor deviates by more than 5 percent, recalibrate
the netering system as Section 7.1.1.1, and for the calculations,
use the calibration factor (initial or recalibration) that yields the

lower gas volume for each test run.

113t )

7.1.2 Thermometer(s). Prior to each field test, calibrate againsct
mercury-in-glass thermometers at asbient tesperature. If the thermozecer
being calibrated reads within 2°C (2.6°F) of the mercury-in-glass
thermometer, it is acceptable. If not, adjust the thermometer or use an
appropriate correction factor.

7.1.3 Rate zeter. The rate meter need not be calibrated, but should
be cleaned and msintained according to the sanufacturer'’'s instructions.

7.1.4 Barometer. Prior to each field test, calibrate against a
zercury barometer. The field barviaeter should agree within 0.1 in. Hg
with the mercury barcmeter. If it does not, the field barcmeter should be
adjusted.

7.2 Saspling.

7.2.1 Preparation of collection train. Prepare the sampling train
as follows: The first or knockout impinger should have a shortened stem
and be left eampty to condense msoisture in the gas stresa. The next two
sidget impingers should each be filled with 15 al of 0.1 N H,S0,. and the
fourth and fifth impingers should each be filled with 15 al of 0.1 N NaCH.
Place a fresh charge of silica gel, or equivalent, in the Mae West
impinger (or the drying tube). Connect the impingers in series with the
knockout impinger first, followed by the two impingers containing the
acidified reagent and two impingers containing the alkaline reagent. and
the Mae West impinger containing the silica gel. If the moisture will be
deterained, weigh the iapinger asseably to the nearest > 0.5 g and record
the weight. ’

7.2.2 Leak check procedures. Leak check the probe and three-way
stopcock prior to inserting the probe into the stack. Connect the
stopeock to the cutlet of the probe, and connect the sample line to the
needle valve. Plug the probe inlet, turn on the sample pusp, and pull a
vacuum of at least 250 mm Hg (10 in. Hg). Turn off the needle valve, and
note the vacuum gauge reading. The vacuuam should remain stable fcor at
least 30 seconds. Place the prote in the stack st the sampling location,
and adjust the filter heating system to 250°F and the probe and stopcock
heating systaas to a tesperature sufficient to prevent water condensation.
Connect tha first ispinger to the stopcock, and connect the sample _ine ©o
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the last izpinger and the needle valve. Upcon compieticn of a samp..~Z
run, Temove the proce from the stack and leak check as descrized arczue

If a leak hag gccurred, the sampling run aust be voided. AlzermacziveL:.
the periicn of =he train tehind the proce zay te leak checxed recween:
zultipie ™ung az the same site as follows: Close the sopeock zo :ne
first lapinger (see Figure lA), and turn on the sasple pump. Pull a
vacuum o at least 250 mam Hg (10 in. Hg), turn off the needle valive, and
ncte the vacuum gauge reading. The vacuum should remain stable for at )
least 30 seconds. Release the vacuua on the impinger train by turning the
stopcack to the vent position to permit ambient air to enter (see Figure
18). If this procedure is used, the full train leak check described above
must be conducted following the final run and all preceding sampling runs
voided if s leak has occurred.

7.2.3 Purge procedure. Iamediately prior to sampling, connect the
purge line to the stopcock and turn the stopcock to permit the purge puap
to purge the probe (see Figure 1A). Turn on the purge pusmp, and adjust
the purge rate to 2 liters/ain. Purge for at least 5 ainutes prior to
sazpling.

7.2.4 Saample collection. Turn on sample puap, pull a slight vacuua
of approximately 25 mm Hg (1 in. Hg) on the iapinger train, and turn the
stopcock to permit stack gas to be pulled through the ispinger train (see
Figure 1C). Adjust the sampling rate to 2 liters/min, as indicated by the
rate 2eter, and zaintain this rate wvithin 10 percent during the entire
saapling run. Take readings of the dry gas seter, the dry gas meter
tesperatire, rate seter, and vacuum gauge at least once every five ainutes
during the run. A sampling time of two hours is recommended. However, if
the expected condensate catch for this sampling run duration will exceed
the capacity of the sampling train, (1) a larger knockout impinger zay be
used or (2) two sequential one-hour mns say be conducted. At the
conclusion of the sampling run, remove the train from the stack, cool, and
perfora a leak check as described in Section 7.2.2.

7.3 Sample recovery. Following sampling, disconnect the impinger ctrain
from the resaining sampling equipment at the inlet to the knockout izpinger and
the outlet to the last iapinger. If perforaing s soisture deteraination, wipe
of f any moisture on the outside of the train and any excess silicone grease at
the inlet and ocutlet cpenings; weigh the train to the nearest 0.5 g and record
this weight. Then disconnect the impingers from each other. Quantitatively
transfer the contents of the first three iapingers (the lknockout izpinger and
the two 0.1 N H,SO, impingers) to a leak-free storage bottle. Add the watar
rinses of esach of thase impingers and connecting glassware to the storage
bottle. The contents of the impingers and connecting glassware from the second
set of impingers (containing the 0.1 N NaOH) should be recovered in s similar
sanner if & C1, analysis is desired. The sasple bottle should be sesled.
shaken to six, and labeled; the fluid level should be marked so that if any
sample is lost during transport. & correction proportiocnal to the lost volume
can be applied. Save portions of the 0.1 N H,SO, and 0.1 N NaCH used as
impinger reagents as reagent blanks. Take 50 al of each and place in separsate
leak-free storage bottles. Label and mark the fluid levels as previocusly
described.
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7.4

Calculations.
cenzained in the available data in inzermediate calculaticns, and ~-u

Retain at least cne extra decizal figu-e eysnd =n352

cnly the final answer appropriately.

T.4.1

3

m(std)

Nomenclature.

Water vapor in the gas stream, proportion by volume.

Molecular weight of water, 18.0 g/g-mole
(18.0 1b/1lb-mole).

Barometric pressure at the exit orifice of the dry gas
meter, om Hg (in. Hg).

Standard absolute pressure, 760 ma Hg (29.92 in. Hg).

Ideal gas constant, 0.06236 zm Hg-ul/°K-g-mole
(21.85 in. Hg=fti/°R=-1b-mole).

Average dry gas zeter absoclute temperature, °K (°R).
Standard absolute temperature, 293°K (528¢R).

Total volume of liquid collected in impingers and silica
gel, al (equivalent to the difference in weight of the
ispinger train before and afer saspling, 1 ag = 1 alL).

Dry gas volume as seasured by the dry gas meter, dca
(def) .

Dry gas volume messured by the dry gas meter, corrected
to standard conditions, dsca (dscf).

Volume of water vapor in the gas sample, corrected to
standard conditions, sca (scf).

Dry gas meter calibration factor.

Density of water, 0.9982 g/mL (0.002201 1lb/al).

7.4.2 Sample volume, dry basis, corrected to standard conditiocns.
Calculate as described below:

Tltc P.nr vl Pl.t
Vn(ltl) ® V. . K1 Y (1)
TI P, td TI
where:
K, = 0.3858°K/am Hg for metric units.
= 17.64°R/in. Hg for English units.’
xex - 7 Revision
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T.4.3 Volume of water vapor.

<
|

"\.:4> * P * ‘?Jl= -
where:

K, = 0.0013333 m’/alL for metric units.
= Q.04707 ft3/ml for English units.

7.4.4 Moisture content.

v

w(std)

v * vv(l!l)

s(atd)

8.0 QUALITY CONTROL

8.1 At the present time, a validated sudit material does not exist for
this method. Analytical quality control procedures are detailed in Method X(CX.

9.0 METHOD PERFORMANCE

9.1 The in-stack detsction limit for the method is approxizately 0.04 ug
of HC1l per litar of stack gas for a 2-hour sample.

9.2 The precision and bias for measuresent of HCl using this sampling
protocol combined with the analytical protocol of Method XXOX have been
deternined. The within laboratory relative standard deviation is 6.2% and 3.2%
at HCl concentrations of 3.9 snd 15.3 ppa. respectively. The mathod does not
exhibit any bias for HCl when sampling at Cl, concentrations less than 50 ppa.

REFERENCES
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METHCD _

PROTCCCL FOR ANALYSIS OF SAMPLES
FROM HC1/Cl, EMISSICN SAMPLING TRAINS

This method has been drafted based on the results of laboratory and field
studies carvied out under contract to the Sourcs Branch of the Quality
Assurance Division, Atmospheric Research and Exposure Assessment Laboratory
(QAD/AREAL), United States Environsental Protection Agency (U.S. EPA). The
gethod is still under investigation and is subject to revision.
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- e - -

PROTTCCL FCR ANALYSII TF SAMPL
BT L B B VEE v ey e ]
FRCM HSCL Tl. EIMIS3IIIN SAVBELING TRAINS

1.2 SCCPZ AND APPLICATICN

1.1 This method describes the analtyical protocol for determination of
hydrogen chloride (HCl, CAS Registry Number 7647-01-0) and chloride (Cl,, CAS
Registry Number 7782-50-5) in stack gas emission samples collected from
hazardous waste and ounicipal waste incinerators using the midget impinger
HC1/Cl, sampling train (Method XXXX) or the isckinetic HC1/Cl, sampling train
(Method XXXX).

1.2 The lower detection limit is 0.1 ug of chloride (Cl-) per oL of
sample solution. Samples with concentrations which exceed the linear range of
the analytical instrumentation may be diluted.

1.3 This method is reccmmended for use only by analysts experienced in
the use of ion chromatography and in the interpretation of ion chromatograms.

2.0 SUMMARY OF METHOD

2.1 The HC1l and Cl, collected in the sampling train are solubilized to
chloride ions (Cl°) in the acid and alkaline absorbing solutions, respectively.
Non-suppressed or suppressed ion chromatography (IC) is used for analysis of
Cl-.

3.0 INTERFERENCES

3.1 Volatile materials which produce chloride ions upon dissolution
during sampling are obvious interferences in the measuresent of HCl. Cne
likely interferent is diatomic chlorine (Cl,) gas which disproportionates o
HCl and hypochlorous acid (HOCl) upon dissolution in water. Cl, gas exhibits a
low solubility in water, however, and the use of acidic rather than neutral or
basic solutions for collection of hydrogen chloride gas greatly reduces the
dissolution of any chlorine present. Sampling a 400 pps HCl gas strean
containing 50 ppa Cl, with this method does not cause a significant bias.
Sampling a 220 pps HCl gas stream containing 180 ppm Cl, results in a positive
bias of 3.4%2 in the HCl msasurement. Other interferencs have not been
encountered.

4.0 APPARATUS AND MATERIALS
4.1 Volumetric Flasks. Class A, varicus sizes.

4.2 Volumetric Pipettes. Class A, assortzent, to dilute samples to
calibraticn range of the IC.

xxX - 1 Revision
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4.3 Ion Chromatograph. Suppressed or non-suppressed., witil a cznducszwizl
detectcr and electronic integrator operating in the peak ares 2ode. l:ner
detecsars. a Strip chart recorder, and peak heights zay be used provided zne
5 percent repeatability criteria for sample analysis and the lineasisy zr-isarci:
f3r che calibration curve can be met.

5.0 REAGENTS

5.1 Reagent grade chemicals shall be used in all tests. Unless otherwise
indicated, it is intended that all reagents shall conform to the specificaticns
of the Committee on Analytical Reagents of the American Chemical Society, where
such specifications are available. Other grades may be used, provided iz %
first ascertained that the reagent is of sufficiently high purity to permit i:s
use without lessening the accuracy of the determination.

5.2 ASTM Type II Water (ASTM D1193-77 (1983)). All references to water
in the method refer to ASTM Type Il unless otherwise specified.

5.3 Sulfuric acid (0.1 N), H,SO,. To prepare :00 aL, slowly add 0.28 =L
of concentrated H.SO, to about 90 al of water while stirring, and adjust the
final volume to 100 zL using additional water. Shake well to mix the solut:on.

5.4 Sodium hydroxide (C.1 N), NaOH. To prepare 100 al, dissolve 0.40 g
of solid NaOH in about 90 sl of water and adjust the final volume to 100 al
using additional water. Shake well to mix the solution.

5.5 Raagent blank solutions. A separate blank solution of each sampling
train reagent used and collected in the field (0.1 N H,SO, and 0.1 N NaOH)
should be prepared for analysis with the field samples. For midget impinger
train sazple analysis, dilute 30 ol of each reagent with rinse water collected
in the field as a blank to the final volume of the saaples; for isokinetic
train sample analysis, dilute 200 ml to the same final volume as the field
sagples also using the blank sample of rinse water.

S.6 Sodium chloride, NaCl, stock standard solution. Solutions containing
a nominal certified concentration of 1000 sg/L NaCl are commercially available
as convenient stock solutions from which working standards can be made by
appropriate volumetric dilution. Altsrnately, concentrated stock solutions may
be produced from reagent grade NaCl that has been dried at 110°C for two or
more hours and then cooled to room tempersture in a desiccator immediately
before weighing. Accurately weigh 1.6 to 1.7 g of the dried NaCl to within 0.1
zg, dissolve in water, and dilute to 1 liter. The exact Cl° concentration can
be calculated using the equation:

ug Cl1°/mL = g of NaCl x 103 x 35.453/58.44
Refrigerate the stock standard solutions and store no longer than one zonth.
5.7 Chromatographic effluent. Effective eluents for non-suppressed ion
chromatography using & resin- or silica-based weak ion exchange column are a
4 aM potassium hydrogen phthalate solution, adjusted to a pH of 4.0 using a
saturated sodium borats solution, and a =M 4-dydroxy benzoate solution,
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adjusted o0 a pH of 8.6 using 1 N sodium hydroxide. aAn effective al.en:z 7:
suppressed ion chrompatcgraphy is a solution containing 3 zM scdium sizaszz-
and 2.+ aM sodium carsonate. Other dilute solutions buffered %o a siz:ilar

=hat cINtaln no ions interfering with the chrcmatographic analysis cay ce -
15, ising suppressed izn chrcmatsgraphy, the "water 4ip” resulting frem sa-oo
injecticn 1s interfering with the chlorine peak, use a 2 aM sodium hydraxize
2.4 =M sodium bticarbonate eluent.

TS BTV ]
w4
o4 W

6.0 SAMPLE CCLLECTICN, PRESERVATICN, AND HANDLING

6.1 Sample collection using the midget iapinger HC1/Cl, train or the
isockinetic HC1/Cl, train is described in Method XXXX or XXXX, respectively.

6.2 Samples should be stored in clearly labeled, tightly sealed
containers between sasple recovery and analysis. They may be analyzed up t2
four weeks after collection.

7.0 PROCEDURE

7.1 Sazple preparation for analysis. Check the liquid level in each
sazple., and determine if any sazple was lost during shipment. If a noticeable
amount of leakage has occurred, the voluase can be deterained froa the
difference between the initial and final solution levels, and this value can he
used to correct the analytical results. For midget impinger train samples.
quantitatively transfer each sample sclution to a 100 al volumetric flask and
dilute to 100 ol with watsar. For isokinetic sampling train samples,
quantitatively transfer each sszple to a volumetric flask or graduated cylinder
and dilute with water to a final volume appropriats for all samples.

7.2 Calibration of Ion Chromatograph.

7.2.1 The ion chromatographic conditions will depend on the type of
analytical coluzn used and whether suppressed or non-suppressed icn
chromatography is used. An example chromatograsm from a system using non-

" suppressed ion chromatography with a 150 ss Hamilton PRP-X100 anion
coluzmn, a 2 al/ain flow rate of a 4 al 4-hydroxy benzoate solution
adjusted to a pH of 8.6 using 1 N sodium hydroxide, & 50 ul sample locp.
and s conductivity detector set on 1.0 uS full scale is shown in Figure [.
Prior to calibration and sample analysis. establish a stable baseline.
Next, inject a sample of watsr, and deteraine if any Cl” appears in the
chromatograa. If Cl° is present. repeat the losd/injection procedure
until no Cl° is present.

7:2.2 To prepare the calibration standards, dilute given amouncts
(1.0 sl. or greatsr) of the stock standard solution to convenient voluzes.
using 0.1 N H,S0, or 0.1 N NaOH, as appropriate. Prepare at least fous
standards that are within the linesr range of the field samples. InGec:
the calibration standards, starting with the lowest concentration stancarc:
first both before and after injection of the quality control check sazp.e.
reagent blank, and field samples. This allows compensation for any
instrument drift occurring during sasple analysis.
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T.2.3 After injecting the standards the first tize, Zetermica -
ax area cr height for each standard. Using linear ~egressicn, e _
e equatizsn fzpr che calibration curve. Cozpare the KNOwWn csncenT-asLi-s

MU ]

w O O vy
_q d) vy
F‘ -
«r
(4]
4

( percent.

Predicted Conec. = wn .
. e Kno Cone x 100%

v Errcr
Known Conc.

7.2.4 Following analysis of the quality control sample, the reagen:

blanks, and the field samples, the calibration standards are injected a
second tize.

7.2.5 Using the average of the initial and final injections of :th
standards and linear regression, determine the formulas for the

calibration curve to be used to calculate the field sample concentrations.

7.3 Sample analysis. Between injections of the series of calibration
standards, inject in duplicate the reagent blanks and the field samples,
including a matrix spike sample. Measure the areas or heights (same as done
for the calibration standards) of the Cl° peaks. Each response (peak height
area) for a duplicate injection should be within 5 percent of the average
response. Use the average response to determine the concentrations of the
field samples, matrix spike, and reagent blanks using the linear calibration
curve. The results for a reagent blank shall not exceed 10 percent of the
corresponding value for a field sample.

er

7.4 Calculations. Retain at least one extra decizmal figure beyond those

contained in the available data in intermediate calculations, and round off
only the final answer appropriately.

7.4.1 Total ug HCl per sample. Calculate as described below:
Bucy * (S-B) x V, x 36.46/35.453

where: Bpc1 Mass of HCl in sample, ug,
S = Analysis of sample, ug Cl-/al,
B = Analysis of reagent blank, ug Cl-/aL,
V, ®= Volume of filtered and diluted sample. oL,

36.46 = Molecular weight of HCl, ug/ug-mole. and
35.453 = Atomic weight of Cl, ug/ug-mole.

7.4.2 Total ug Cl, per sample. Calculate as described below:

MCI s (S-B) x V, x 70.90/35.45
2
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8.0

where: MCI = Mass of Cl, in sample, ug,
2
70.90 = Molecular weight of Cl,, ug/ug-mole, and
35.45 = Atcamic weight of ClL, ug/ug-mole.

T.4.3 Concencraction of HCL in the flue gas. Calculate as fesacize-

- -——T .

C=2Kxnua/Vv

s(std) =~

where: C = Concentration of HCl or Cl,, dry basis, mg/dsca,

1073 ng/ug.
Mass of HCl or Cl, in sample, ug, and

Veista) ® Dry gas volume zeasured by the dry gas meter,

corrected to standard conditions, dsca (from Method
XX or Method XXXX).
QUALITY CONTROL

8.1 At the present time. a validated audit material does not exis: for

this method. However, it is strongly recommended that a quality control check
sanple and a zatrix spike sample be used.

9.0

8.1.1 Quality control check sample. Chloride solutions of reliably
known concentrations are available for purchase froa the National Bureau
of Standards (SRM 3182). The QC check sample should be prepared in the
appropriate absorbing reagent at a concentration approximately equal to
the 2id range calibration standard. The quality control check sazple
should be injected in duplicate immediately after the calibration
standards have been injected the first time. The Cl° value obtained for
the check sample using the final calibration curve should be within 10
percent of the known value for the check sampls.

8.1.2 Matrix spike sample. A portion of at least one field sazmple
should be used tc prepare a matrix spike sample. Spike the sample aligquot
in the range of the expectesd concentrstion. Analyze the matrix spike
sample in duplicate along with the field samples. Based on the matrix
spike results, deteraine the recovery for the spiked material. This
should be within 15 percent of the known spike value.

METHOD PERFORMANCE

9.1 The lower detection limit of the analytical sethod is 0.1 ug of C1l°

per oL of sample solution. Samples with concentrations which exceed the linear
range of the IC may be diluted.

9.2 The precision and bias for analysis of HCl using this snalytical

protocol have been measured in combination with the midget impinger HC1/Cl,
train (Method XXXX) for sample collection. The within laboratary relative
standard deviation is 6.2% and 3.2% at HCl concentrations of 3.9 and 15.3 ppa.
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respectively. The zethod does not exhibit any biag for HCL when sazpling 2:
Cl, soncentraticns less than 3C ppa.
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METHECOCLOGY FOR THE DETERMINATION OF METALS EMISSIONS IN EXHAUST GASES
FRCM HAZARDOUS WASTE INCINERATION AND SIMILAR COMBUSTION PROCESSES

1. Applicability and Principle

1.1 Applicabilizy. This method is applicable for the determination of
total chrosium (Cr), cadaium (Cd), arsenic (As), nickel (Ni), mangsness (Mn),
berylliuz (Be), copper (Cu), zinc (Zn), lesd (Pb), seleniua (Se), phosphorus
(P), thallium (T1), silver (Ag), antimeny (Sb), bariua (Ba), and amercury (Hg)
exissions from hazardous waste incinerators and sisilar combustion processes.
This zethod zay also be used for the deterzination of particulats emissions
following the additional procedures described. Modifications to the sample
recovery and analysis procedures described in this protocol for the purpese of
deteraining particulate eaissions say potentially iapact the front half asercury
detersination.*

1.2 Principle. The stack sample is withdrawn isckinetically froa the
source, with particulate emissions collected in the probe and on a hested
filter and gasecus emissions collected in s series of chilled ispingers
containing a solution of dilute nitric acid in hydrogen peroxide in two
ispingers, and acidic potassiuz permanganate solution in two (or one)
impingers. Sampling train components are recovered and digested in separate
front and back half fractions. Materials collected in the sampling train are
digested with acid solutions to digsclve inorganics and to resove organic
constituents that say create analytical interferences. Acid digestion is
performed using conventional Parr' Bosb or sicrowave digestion techniques. The
nitric scid and hydrogen peroxide ispinger soclution, the acidic potassiua
perzanganate impinger solution, and the probe rinse and digested filter
solutions are analyzed for sercury by cold vapor atomic sbsorption spectroscopy
(CVAAS). Except for the persanganate solution, the resainder of the sampling

*Field tests _to date have shown that of the total asocunt of sercury seasured
by the sethod, only O to <2% was seasured in the front half. Therefore, it is
tentatively concluded, based on the above dats, that particulate esissions may
be zeasured by this train, without significantly altering the mercury results.
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train catches are analyzed for Cr, Cd, Ni, Mn, Be, Cu, 2n, Pn, Se, P, T, Ag,
Sb, Ba, and As by inductively coupled argon plasma emission spectroscopy (ICAP
or awczmic absorption spectroscopy (AAS). Craphite furnace atomic absorpticn
spectroscopy (GFAAS) i3 used for analysis of antimony, arsenic, cadzium, lead.
selenium, and thallium, if these elements require greater analytical
sensitivity than can be cobtained by ICAP. Additionally, if desired, the tester
may use AAS for analyses of all metals if the resulting in-stack method
detection limits seet the goal of the testing prograa. For convenience,
aliquots of each digested sample fraction can be coabined proportionally for a
single analytical determination. The efficiency of the analytical procedure is
quantified by the analysis of spiked quality control sasples containing each of
the target metals including actual sample satrix effects checks.

2. Range, Sensitivity, Precision, and Interferencss

2.1 Range. For the anslyses described in this sethodology and for sisilar
analyses, the ICAP response is linear over several orders of sagnitude. Sam-
ples containing setal concentrations in the nanograas per ailliliter (ng/ml) to
sicrograass per ailliliter (ug/ml) range in the analytical finish solution can
be analyzed using this technique. Samples containing greater than
approximately 50 ug/ml of chromium, lead, or arsenic should be diluted to that
level or lower for final anslysis. Sasples containing greater than
approxisately 20 ug/al of cadaius should be diluted to that level before
analysis. -

2.2 Analytical Sensitivity. ICAP analytical detection limits for the
sazple solutions (based on SW-846, Method 6010) are approximately as follows:
Sd (32 ng/sl), As (53 ng/ul), Ba (2 ng/ml), Be (0.3 ng/ul), C4 (4 ng/al), Cr (7
ng/al), Cu (6 ng/ml), Pb (42 ng/al), Mn (2 ng/al), Ni (15 ng/swl), P (75 ng/ml),
Se (75 ng/sl), Ag (7 ng/al), T4 (40 ng/ml), and 2n (2 ng/ul). The actual
sethod detection limits are sample dependent and may vary as the sasple satrix
may affect the liamits. The analytical detection liamits for analysis dy direct
aspiration AAS (based on SW-846, Method 7000) are approximately as follows: Sd
(200 ng/nl), As (2 ng/ul), Ba (100 ng/sl), Be (5 ng/ml), C4 (5 ng/ml), Cr (SO
ng/al), Cu (20 ng/al), Pb (100 ng/al), Mn (10 ng/ml), N4 (40 ng/ml), Se (2
ng/al), Ag (10 ng/al), T1 (100 ng/al), and Zn (5 ng/al). The detection limit
for mercury by CVAAS is spproxisately 0.2 ng/al. The use of GFAAS can give
added sensitivity compared to the use of direct aspiration AAS for the
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following sezals: Sb (3 ng/al), As (1 ng/sl), Be (0.2 ng/ml), C4 (0.1 ng /al’.
Cr (1 ng/ml). Pb (1 ng/ml), Se (2 ng/sl)., and T1 (! ng/ml).

Using (1) the procedures described in this method, (2) the analytical
detection limits described in the previous paragraph, (3) a volumse of 300 al
for the front half and 150 sl for the back half samples, and (4) a stack gas
sazple voluze of 1.25 »°, the corresponding in-stack sethod detection limits
are presented in Table A-l and calculsted as shown:

AxB
—.

C D
where: A = analytical detection limit, ug/al.
B = volume of saaple prior to aliquot for analysis, al.
C = stack sasple volume, dsca (dsald).
D « in-stack detection limit, ug/m’.

Values in Table A-1 are calculated for the front and back half and/or the total
train.

To ensure optimua sensitivity in obtaining the seasuresents, the
concentrations of target sstals in the solutions are suggestsd to be at leas?
tan times the analytical detection limits. Under certain conditions, and with
greater care in the analytical procedure, this concentration can be as low as
approximstely three tises the analytical detection limit. In all cases,
repetitive analyses, sethod of standard additions (MSA), serial dilution, or
satrix spike addition should be used to establish the quality of the data.

. Actual in-stack sethod detection limits will be detsrained dased on actual
source samspling paraseters and analytical results as described above. 1If
required, the sethod in-stack detection liamits can be sade more sensitive than
those shown in Table A=l for a specific test by using one or sore of the
following options:

6 A normal l-hour saspling run collects a stack gas saspling volume of
about 1.28 3. If the saspling time is incressed and S o5 are
collected, the in-stack sethod detection lisits would be one fourth of
the values shown in Table A-]1 (this mseans that with thig change, the
sethod is four tises more sensitive than norsal).

0 The in-stack detection limits assume that all of the sesple is digested
(with exception of the aliquot for sercury) and the final liquid
volumes for analysis are 300 al for the froat half end 150 al for the
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TABLE A-1. IN-STACK METHOD DETECTION LIMITS (ug/am?)
FOR TRAIN FRACTIONS USING ICAP AND AAS

Front Hal? Back Half, Back I-!L].f'z

Fraction Fraction 2 Fraction 3 Total Train
Mecal Probe and Filter Impingers 1-3 Iapingers 4-5
Antinmony 7.7 (0.7)® 3.8 (0.4)* 11.5 (1.1)®
Arsenic 12.7 (0.3)¢ 6.4 (0.1)° 19.1 (0.4)°®
Barium 0.5 0.3 0.8
Beryllium 0.07 (0.05)¢ 0.04 (0.03)°* 0.11 (0.08)°
Cadmium 1.0 (0.02)°* 0.5 (0.01)* 1.5 (0.03)*
Chromiun 1.7 (0.2)* 0.8 (0.1)* 2.5 (0.3)°*
Copper 1.4 0.7 2.1
Lead 10.1 (0.2)* 5.0 (0.1)* 15.1 (0.3)*
Manganese 0.5 (0.2)* 0.2 (0.1)* 0.7 (0.3)*
Mercury 0.05°%¢ 0.03%¢ 0.03%° Q.11°*
Nickel 3.6 1.8 5.4
Phosphorus 18 9 a7
Selenium 18 (0.5)° 9 (0.3)°¢ 27 (0.8)*
Silver 1.7 0.9 2.6
Thallium 9.6 (0.2)* 4.8 (0.1)* 14.4 (0.3)°*
2inc 0.8 0.3 0.8

( )® Detection limit when analyzed by GFAAS.
¢ petection limit when analyzed by CVAAS.
Actual sethod in-stack detection limits will be deterained based
on actual source sampling parasetsrs and analytical results as
described earlier in this section.

back half sasple. If the front half voluse is reduced froa 300 =l to
30 =1, the front half in-stack detection limits would be one tenth of
the values shown above (ten times aore sensitive). If the back half
volume is reduced fros 1%0 ml to &% al, the in-stack detection limits
would be one sixth of the sbove valuss. Matrix effects checks are
necessary on analyses of sasples and typically are of greater signifi-
cance for sasples that have been coacentrsted to less than the normal
sample volume. A volume less than 25 al may not allow resolubiliza-
tion of the residue and say increase intsrference by other compounds.
o When both of the above two improvesents are used on ons sasple at the
sane tise, the resultant isprovesents are sultiplicative. For example,
where stack gas volume is increased by a factor of five and the total
1liquid sample digested volume of both the front and back halves is
reduced by factor of six, the in-stack sethod detection limit is
reduced dy a factor of thirty (the sethod is thirty tises scre

sensitive).
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o Conversely, reducing stack gas sazple volume and increasing sazple
1iquid volume will increase limits. The front half and back half,
sazples (Fractions 1 and 2) can be coabined prior %o analysis. Tée‘
resultant liquid volume (excluding Fraction 3, which sust be analyzed
separately) is recorded. Combining the sample as described does not
allow deterzination (whether front or back half) of where in the train
the sazple was captured. The in-stack sethod detection limit then
becozes & single value for all setals except mercury, for which the
contribution of Fraction 3 must be considered.

o The above discussion assuses no blank correction. Blank corrections
are discussed later in this sethod.

2.3 Precision. The precisions (relative standard deviation) for esch
setal detected in s method development test at & sewage sludge incinerator, sre
as follows: Sb (12.7%), As (13.5%), Ba (20.6%), C4 (11.5%), Cr (11.2%), Cu
(11.8%), Pb (11.6%), P (14.63), Se (15.3%), T1 (12.3%), and Zn (11.8%). The
precision for nickel was 7.73 for another test conducted at a source sizulator.
Beryllium, sanganese and silver were not detacted in the tests; howsver, based
on the analytical sensitivity of the ICAP for thase setals, it is assumed that
their precisions should be siailar to those for the other setals, when detected
at similar levels.

2.4 Interfersnces. Iron can be a spectral intsrference during the
analysis of arsenic, chroaium, and cadmius by ICAP. Aluainua can be & spectral
interference during the analysis of arsenic and lead by ICAP. Generally, these
{nterferences can be reduced by diluting the sasmple, but this incresses the
aethod detecticn limit. Refer to EPA Method 6010 (SW-846) for details on
potential interferences for this sethod. For all GFAAS analyses. satrix
sodifiers should be used to limit interferences, and standards should be matrix
natched.

3. Apparatus

3.1 Sampling Train. A schesatic of the sampling train 4{s shown in Figure
A=1. It is siailar to the Method S train. The sampling train consists of the
following components.

3.1.1 Probe Nozzle (Probe Tip) and Borosilicate or Quartz Glass Probe
Liner. Same as Method 5, Sections 2.1.1 and 2.1.2. Glass nozzlas are required

unless an slternate probe tip prevents the possidbility of contamination or
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interference of the sample with {ts materials of constryction. If a probe %ip
other than glass 1is used, no correction of the stack sasple test results can be
zade becsuse Of the effect on the results by the probe tip.

3.1.2 Pitot Tube and Differential Pressure Gauge. Saze as Method 2,
Sections 2.1 and 2.2, respectively.

3.1.3 Filter Holder. Glass. sase as Method 5, Section 2.1.5, except that
a Teflon filter support sust be used to replace the glass frit.

3.1.4 Filter Heating System. Same as Method 5, Section 2.1.6.

3.1.5 Condenser. The following systes shall be used for the condensation
and collection of gasecus aetals and for determining the moisture content of
the stack gas. The condensing systes should consist of four to six ispingers
connected in series with leak-free ground glass fittings or other leak-free,
non-contasinating fittings. The first impinger is optional and is recocamended
as a water iknockout trap for use during test conditions which require such a
trap. The impingers to be used in the setals train are now described. When
the first ispinger is used as & water Iknockout, it shall be sppropriately-sized
for an expected large moisture catch and constructed generally as descridbed for
the first impinger in Method 5, Paragraph 2.1.7. The second impinger (or the
first HNO,/H,0, impinger) shall also be as described for the first impinger in
Method 5. The third impinger (or the impinger used as the second HNO, /H, 0,
ispinger) shall be the sase as the Greenburg Saith iaspinger with the standard
tip descridbed as the second ispinger in Method 5, Paragraph 2.1.7. All other
Yapingers used in the metals train are the same as the second impinger (the
first HNO,/H,0, impinger) previously described in this persgraph. In sumaary,
the first ispinger should be espty, the second and third shall contain iknown
quantities of a nitric acid/hydrogen percxide solution (Section 4.2.1), the
fourth {(and fifth, 4if required) shall contain a lnown quantity of acidic
potassiua persanganate solution (Section §.2.2), and the last ispinger shall
contain a known quantity of silica gel or equivalent desiccant. A thermcseter
capable of seasuring to within 1°C (2°F) shall be placed at the ocutlet of the
last ispinger. When ths watar knockout impinger is not needed, it is resoved
froa the train and the other impingers resain the sase. If sercury analysis is
not needed, the potassiua persanganats impingers are resoved.

3.1.6 Metaring System, Barcmeter, and Gas Density Detesrmination
Equipaent. Same as Method S, Sections 2.1.8 through 2.1.10, respectively.
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3.1.7 Teflon Tape. For capping openings and sealing connecticns on the
sazpling train.

3.2 Sample Recovery. Same as Method 5, Sections 2.2.1 ethrough 2.2.8
(Norzmetallic Probe-Liner and Probe-Nozzle Brushes, Wash Bottles., Sazple
Storage Containers, Petri Dishes, Glass Graduated Cylinder, Plastic Storage
Containers. Funnel and Rubber Policesan, and Glass Funnel), respectively, with
the following exceptions and additions:

3.2.1 Nonsetallic Probe-Liner and Probe~Nozzle Brushes. For quantitative
recovery of materials collected in the front half of the sampling train.
Description of acceptable all-Teflon component brushes to be included in EPA's
Exission Measuresent Technical Information Center (EMTIC) files.

3.2.2 Snplo Storage Containers. Glass bottles with Teflon-lined caps,
1000- and 500-al, shall be used for KMnQ,-containing samples and blanks.
Polyethylens bottles say be used for other sasple types.

3.2.3 Graduated Cylinder. Glass or equivalent.

3.2.4 Funnel. Glass or equivalent.

3.2.5 Labels. For identification of' sazples.

3.2.6 Polypropylene Tweezers and/or Plastic Gloves. For recovery of the
filter froa the sampling train filter holder.

3.3 Sasple Preparation and Analysis. For the analysis, the following
equipaent is needed:

3.3.1 Volumetric Flasks, 100 al, 250 ml, and 1000 ml. For preparstion of
sctandards and sasple dilution.

3.3.2 Graduated Cylinders. For preparation of reagents.

3.3.3 Parr® Boabs or Microwave Pressure Relief Vessels with Capping
Station (CEM Corporation sodel or equivalent).

3.3.4 Beakers and Watchglasses. 250 al beakers for sample digestion with
watchglasses to cover the tops.

3.3.5 Ring Stands and Clasps. For securing equipment such as filtration
apparatus. )

3.3.6 Pilter Funnels. For holding filter paper.

3.3.7 Whatsan 541 Pilter Paper (or equivalent). For filtration of
digested samples. .

3.3.8 Disposable Pasteur Pi{pets and Bulbs.

3.3.9 Volumetric Pipets.

3.3.10 Analytical Balance. Accurate to within 0.1 =g.
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3.3.11 Microwave or Conventional Oven. For heating samples &t fixed
power levels OT temperatures.

3.3.12 Hot Plates.

3.3.13 Atomic Absorption Spectroseter (AAS). Equipped with a background
corsector.

3.3.13.1 Graphite Furnace Attachaent. With antimcny, arsenic, cadaiunm,
lead, selenium, thallium, and hollow cathode lasps (HCLs) or electrodeless
discharge laaps (EDLs). Same as EPA Methods 7041 (antimony), 7060 (arsenic),
7131 (cadmium), 7821 (lead), 7740 (selenium), and 7841 (thallium).

3.3.13.2 Cold Vapor Mercury Attachsent. With a mercury HCL or EDL. The
equipaent needed for the cold vapor sercury attachaent includes an air
recirculation pusp, & quarts csll, an ssrator spparatus, and a heat laap or
desiccator tube. The heat lasp should be capable of raising the ambient
tezperature st the quartz cell by 10°C such that no condensation foras on the
wall of the quartz cell. Same as EPA Nethod 7470.

3.3.14 Inductively Coupled Argon Plassa Spectroseter. With either a
direct or sequential reader and an alumina torch. Seme as EPA Method 6010.

4. Reagents

Unless otherwise indicated, it is intanded that all reagents confors to
the specifications established by the Committese on Analytical Reagents of the
Aserican Chesical Society, where such specifications are available; otherwise,
use the best available tndg.

4.1 Saspling. The reagents used in saspling are as follows:

4.1.1 Pilters. The filters shall contain less than 1.3 ug/in.? of each of
the setals to be measured. Analytical results provided by filter sanufacturers
are acceptable. However, if no such results are available, filter blanks sust
be analyzed for each target setal prior to eaission testing. Quarts fiber or
glass fiber filters without organic dinders shall be used. The filters should
exhibit at least 99.95 percent officiency (<0.05 percent penetrstion) on 0.3
sicron dioctyl phthalate sacks particles. The filter efficiency test shall be
conducted in sccordance with ASTM Standard Nethod D2986-71 (incorporsted by
reference). For particulats deteraination in sources containing SO, or SO,,
the filter material sust be of & type that is unreactive to SO, or S0,, as
described in EPA Method 5. Quartz fiber filters seeting these requiresents are
recoanended.
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4.1.2 wWater. To conform to ASTM Specification D1193.77, Type Il
(incorporated by reference). Analyze the water for all target 2etals prisr =-
field use. All targe: metals should be less than ! ng/al.

4.1.3 Nitric Acid., Concentrated. 'Baker Instra-analyzed or equiva.en-:.

4.1.4 Hydrochloric Acid. Concentrated. Eaker Instra-analyzed or

equivalent. ) :\u aecur it i o PNImingsy gt
4.1.5 Hydrogen Peroxide, 30 Percent (V/V). e sy Ry rewates o, g
. 3 SN0 not 8t wnls Sage se cone-
4.1.6 Potassium Permanganate. ’?::.:?:m e e 1o e
L H - or ammt N 1ty tecnricy
4.1.7 Sulfuric Acid. Concentrated. curacy sna puilcy inpiicaueas.

4.1.8 Silica Gel and Crushed Ice. Same as Method 5, Sections 3.1.2 and
3.1.4, respectively.

4.2 Pretest Preparation for Sampling Reagents.

4.2.1 Nitric Acid (HNO,)/Hydrogen Peroxide (H,0,) Absorbing Solution,

5 Percent HNO,/10 Percent H,0,. Add 50 al of concentrated HNO, and 333 al of
30 percent H,0, to a 1000-ml volumetric flask or grsduated cylinder containing
approximately 500 sl of water. Diluts to volume with water. The reagent shall
contain less than 2 ng/sl of each target setal.

4.2.2 Acidic Potassium Permanganate (KMnO,) Absorbing Solution, 4 Percent
KMnO, (W/V). Prepare fresh daily. Dissolve 40 g of 'mo. in sufficient 10
percent H,S0, to sake 1 liter. Prepare and store in glass bottles to prevent
degradation. The reagent shall contain less than 2 ng/ml of Hg.

Precaution: To prevent sutocatslytic decomposition of the permanganats
solution, filter the solution through Whatman 531 filter paper. Also, due to
reaction of the potassium permanganate with the acid, there may be pressure
buildup in the sample storage bottle; these bottles should not be fully filled
and should be ventsd both to relieve excess pressure and prevent explosion due
to pressure buildup. Venting is highly reccamended, but should not allow
contamination of the ssmple: a No. 70-72 hole drilled in the container cap and
Teflon liner has been used.

4.2.3 Nigric Acid, 0.1 N. Add 6.3 al of concentrated HNOy (70 percent) to
a graduated cylinder containing approximately 900 sl of water. Dilute to 1000
a8l wvith water. MNix well. The reagent shall contain less than 2 ng/sl of each
target setal.

4.2.4 Hydrochloric Acid (HCl), 8 N. Add 690 ml of concentrated HCl to a
graduated cylinder containing 250 al of watar. Dilute to 1000 al with water.
Mix well. The resgont shall contain less than 2 ng/ml of Hg. '

£-11



4.3 Glassware Cleaning Reagents.

4.3.1 Nitric Acid, Concentrated. Fisher ACS grade or equivalent.

4.3.2 Water. To conform to ASTM Specifications D1193-77, Type II.

§4.3.3 Nitric Acid, 10 Percent (V/V). Add 500 sl of concentrated HNO, to a
graduated cylinder containing approxisstely 400Q ml of water. Dilute %o 5000
al wizh water.

4.4 Sasple Digestion and Analysis Reagents.

4.4.1 Hydrochloric Acid, Concentrated.

4.4.2 Hydrofluoric Acid, Concentrated.

4.4.3 Nitric Acid, Concentrated. Baker Instrs-analyzed or equivalent.

4.4.4 Nitric Acid, 10 Percent (V/V). Add 100 sl of concentrated HNQ, to
800 sl of water. Dilute to 1000 al with water. Mix well. Reagent shall
contain less than 2 ng/al of each target setal.

4.4.8 Nitric Acid, S Percent (V/V). Add S50 ul of concentrated HNO, to
800 sl of water. Dilute to 1000 sl with water. Reagent shall contain less
than 2 ng/al of each target setal. .

4.4.6 Water. To conform to ASTM Specifications D1193-77. Type II.

4.5.7 Hydroxylasine Hydrochloride and Sodium Chloride Solution. See EPA
Method 7470 for preparation. '

4.4.8 Stannous Chloride.

4.3.9 Potassiuas Persanganate, 5 Psrceat (W/V).

™S dewrfont B # prafinnrery ave2
4.4.10 Sulfuric Acid, Concentrated. * AW pet Letn ferT2!y eeisasad vs EPa
8.4.11 Nitric Acid, S0 Percent (V/V). 129 SRl Ret 8t e stagy De es-tc_ac
0 e Agsl.ee paliey, R g ¢ 5
' 4.,4.12 Potassium Persulfate, $ Percent (W/V). €TSS TOT COTURENL 8% 1D iac e

RSNy NG wellcy btz .

4.4.13 Nickel Nitrate, Ni(NO,),- 68,0.
4.5.1% Lanthenum Oxide, La,0,.

4.4.15 AAS Grade Hg Standard, 1000 ug/al.
8.4.16 AAS Grede Pb Standard, 1000 ug/al.
4.4.17 AAS Grede As Standard, 1000 ug/al.
4.5.18 AAS Grade C4 Standard, 1000 ug/al.
4.4.19 AAS Grade Cr Standard, 1000 ug/al.
4.4.20 AAS Grade Sb Standard, 1000 ug/al.
4.4.21 AAS Grade Ba Standard, 1000 ug/al.
4.4.22 AAS Grade Be Standard, 1000 ug/al.
4.4.23 AAS Grade Cu Standard, 1000 ug/al.
4.4.24 AAS Grade Mn Standard, 1000 ug/al.
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4.4.25 AAS Grade N{ Standard, 1000 ug/al.

4.4.26 AAS Grade P Standard, 1000 ug/al.

4.4.27 AAS Grade Se Standard, 1000 ug/ml. :‘:aﬂ:emnim:*?nmu” Py
4.4.28 AAS Grade Ag Standard, 1000 ug/al. 17¢ smaL.3 not gt ,',““‘:u';f:;:ce:'f.‘
4.4.29 AAS Grade Tl Standard, 1000 ug/al. il Ag;:; Boier e
4.4.30 AAS Grade Zn Standard, 1000 ug/al. Ecunr. ane: 1 Hev waplluarign.
4.4.31 AAS Grade Al Standard, 1000 ug/al.

4.4.32 AAS Grade Fe Standard, 1000 ug/ml.

4.4.33 The zetals standards may also be made from solid chemicals as
described in EPA Method 200.7. EPA Method 7470 or Standard Methods for the
Analysis of Water and Wastewatsr. 15th Edition, Method 303F should be referred
to for additicnal informatiocn on mercury standards.

4.4.3% Mercury Standards and Quality Control Sasples. Prepare fresh
weekly a 10 ug/al intermwediate sercury standard by adding S sl of 1000 ug/al
sercury stock solution to & 500 sl volumetric flask; dilute to 500 sl by first
adding 20 al of 15 percent I'INO3 and then adding watsr. Prepare a working
msercury standard solution fresh daily: odd 5 sl of the 10 ug/sl intsraediate
standard to a 250 =l volumetric flask and dilute to 250 =l with § gl of
4 percent KMnO,, 5 al of 15 percent ENO,, and then water. At least six
separate aliquots of the working sercury standard solutiocn should be used to
prepare the standard curve. These aliquots should contain 0.0, 1.0, 2.0, 3.0.
4.0, and 5.0 sl of the working standard solution. Quality control samples
should be prepared by smaking a separate 10 ug/sl standard and diluting until in
the range of the calidration.

4.5.35 ICAP Standards and Quality Control Samples. Calibration standards
for ICAP analysis can be combined into four different mixed standard solutions
as shown below.

MIXED STANDARD SOLUTIONS FOR ICAP ANALYSIS

Solution Elesents
b 4 As, Be, C4, Mn, Pb, Se, Zn
11 Ba, Cu, Fe
11} Al, Cr, N¢
v Ag, P, Sb, T

Prepare these standards by coabining and diluting the appropriate volumes of
the 1000 ug/al solutions with § percent nitric acid. A sinisus of one stan-
dard and a blank can be used to fora each calibration curve. However, s

£-13



separate quality control sample spiked with inown amounts of the targe: meza's
in quantities in the midrange of the calibration curve should be prepared.
Suggested standard levels are 50 ug/ml for Al, 25 ug/ml for Cr and Pb, iS5 ug z.
for Fe, and 10 ug/ml for the remaining elezents. Standards containing less
than 1 ug/al of metal should be prepared daily. Standards containing greater
than | ug/al of metal should be stable for a sinimum of 1 to 2 weeks.

4.4.36 Graphite Furnace AAS Standards for Antiacny, Arsenic, Cadaiuam,
Lead, Seleniua, and Thalliua. Prepare a 10 ug/al standard by adding 1 al of
1000 ug/al standard to a 100 sl volumetric flask. Dilute to 100 sl with 10
percent nitric scid. For graphite furnace AAS, the standards sust be matrix
matched; e.g., if the sasples contain 6 percent nitric acid and § percent
hydrofluoric acid, the standards should alsoc be made up with 6 percent nitric
acid and 4 percent hydrofluoric acid. Prepare a 100 ng/al standard by adding
1 al of the 10 ug/sl standard to a 100 al volusetric flask and dilute to 100 nl
with the appropriate satrix solution. OCther standards should be prepared by
dilution of the 100 ng/ml standards. At least five standards should be used to
sake up the standard curve. Suggested levels are O, 10, 50, 75, and 100 ng/al.
Quality control samples should be prepared by saking s separats 10 ug/ml
;:andard and diluting until it is in the range of the samples. Standards
containing less than 1 ug/al of msetal should be prepared daily. Standards
containing greater than 1 ug/sl of setal should be stable for a minisum of 1 to
2 weeks.

4.4.37 Matrix Modifiers.

4.4.37.1 Nickel Nitrate, 1 Percent (V/V). Dissolve 4.9%6 g of
Ni(NO,), 6H,0 in spproxisately 50 =l of water in a 100 sl volumetric flask.
Dilute to 100 sl with water.

4.4.37.2 Nickel Nitrate, One-tenth Percent (V/V). Dilute 10 sl of i per-
cent nickel nitrate solution to 100 al with wvater. Inject an equal asount of
sample and this modifier into the graphits furnace during AAS analysis for As.

4.4.37.3 - Lanthamum. Dissolve 0.5864 g of La,0, in 10 al of concentrated
HNO, and dilute to 100 al with water. Inject an equal amcunt of sasple and
this scdifier into the graphits furnace during AAS analysis for PO,

5. Procedure

5.1 Saspling. The complexity of this sethod is such that, to obtain reli-
able results, testers should be trained and experienced with the test procedures.
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5.1.1 Pretest Preparation. Follow the same general procedure given ¢(n
Mechod‘s. Section 4.1.1, except that, unless particulate epissions are to he
deterzined, the filter need not be desiccated or weighed. All sanpling tra:in
glassware should first be rinsed with hot tap water and then washed i{n hot
scspy water. Next, glassware should be rinsed three tizes with tap water,
followed by three additional rinses with water. All glassware should then be
scaked in a 10 percent (V/V) nitric acid solution for g minizum of 4 hours,
rinsed three times with water, rinsed a final time with acetone, and allowed
to air dry. All glassware openings where contaasination can occur should be
covered until the saapling train is assesbled, prior to sasmpling.

5.1.2 Prelisinary Detsrainations. Sase as Method 5, Section 4.1.2.

5.1.3 Preparation of Saspling Train. Follow the sase general procedures
given in Method 5, Secticn 4.1.3, except place 100 al of the nitric
acid/hydrogen peroxide solution (Section 4.2.1) in the two HNO, /H,0, impingers
(normally the second and third iapingers), place 100 al of the acidic potassiua
permanganate solution (Section 4.2.2) in the fourth and fifth impinger, and
transfer approxizately 200 to 300 g of preweighed silica gel from its container
to the last ispinger. Alternatively, the silica gel aay be weighed directly in
the impinger just prior to train assesbly.

Several opticns are available to the taster based on the saspling
conditions. The use of an espty first impinger can be eliaminatad if the
moisture to be collectsd in the impingers is calculated or detsrained o be
less than 150 al. The testar shall include two ispingers containing the
acidic potassium pornnnnnic solution for the first test run, unless past
testing experience at the same or sisilar scurces has shown that only one is
necessary. The last persanganate ismpinger amay be discarded if both
perzanganate impingers have retained their original deep purple permangsnate
color. A saxisusm of 200 al in each persanganats izpinger (and a saxisus of
three perasanganate ispingers) say be used, if necessary, to saintain the
desired color in the last persanganate ispinger. ‘

Retain for resgent blanks, 100 sl of the nitric acid/hydrogen peroxide
solution and 100 sl of the scidic potassium persanganate solution. These
solutions should be labeled and treated as described in Section 7. Set up the
sazpling train as shown in Figure A-1. 1If necessary to ensure leak-free
saapling train connections, Teflon tape should be used instead of silicone
grease to prevent coataaination. ?. @curnont s 8 profmunery m
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Precaution: Extrege care should be taken to prevent contapination within
the train. Prevent the mercury collection reagent (acidic potassium
perzanganate) from contacting any glassware of the train which is was-ed and
analyzed for Mn. Prevent hydrogen peroxide from mixing with the acidic
potassiuz persanganate.

5.1.4 Leak-Check Procedures. Follow the leak-check procedures given in
Method 5, Section 4.1.4.1 (Pretest Leak-Check), Section 4.1.4.2 (Leak-Checks
During the Sazple Run), and Section 4.1.4.3 (Post-Test Leak-Checks).

5.1.5 Saapling Train Operation. Follow the procedures given in Method 5,
Section 4.1.5. For each run, record the data required on a data sheet such as
the one shown in Figure 5-2 of Method 5.

5.1.6 Calculation of Percent Isokinetic. Same as Method 5, Section 4.1.6.

5.2 Sample Recovery. Begin clesnup procedures as soon as the probe is
reacved fros the stack at the end of a sampling pericd.

The probe should be allowed to cool prior to sample recovery. When it can
be safely handled, wipe off all extesrnal particulats satter near the tip of
the probe nozzle and place a rinsed, non-contaminating cap over the probde
nozzle to prevent losing or gaining particulats satter. Do not cap the probe
tip tightly while the sampling train is cooling. This norsally causes s vacuus
to fors in the filter holder, thus csusing the undesired result of drawing
liquid from the impingers into the filter.

Befors mcving the saspling train to the clesnup site, reacve the prode fros
the saspling 'train and cap the open outlet. Be careful not to lose any
condensats that aight be present. Cap the filter inlet where the probe was
fastened. Resocve the umbilical cord from the last impinger and cap the
impinger. Cap off the filter holder cutlet and ismpinger inlet. Use non-
contaminating caps, whether ground-glass stoppers, plastic caps, serum caps,
or Teflon tape to close these cpenings. .

Alternatively, the train can be disassembled before the prodbe and filter
holder/oven are cospletsly cooled, if this procedure is followed: Initially
disconnect the filter holder outlet/impinger inlet and loosely cap the open
ends. Then disconnect the probe froa the filter holder or cyclone inlet and
loosely cap the open ends. Cap the probe tip and resove the umbilical cord as
previously described.

Transfer the probe and filter-ispinger assesbly to a cleanup ares that is
clean and protectsd from the wind and other potential causes of centamination
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or loss of lanvie. Inspect the train before and during disassestly and nc-a
any atnormal conditions. The sample is recovered and treated as {ollcws 'see
schezatic in Figure A-2). Assure that all items necessary for recovery of =he
sazple do not contaminate it. 7 -

5.2.1 Container No. 1 (Filter). Carefully remove the filter from the
filter holder and place it in its identified petri dish container. Acid-
washed polypropylene or Teflon coated tweezers or clean, disposable surgical
gloves rinsed with water should be used to handie the filters. If it is
necessary to fold the filter, make certain the particulate cake is inside the
fold. Carefully transfer the filter and any particulate matter or filter
fibers that adhere to the filter holder gasket to the petri dish by using a dry
(acid-cleaned) nylon bristle brush. Do not use any setal-containing materials
when recovering this train. Seal the labeled petri dish.

5.2.2 Container No. 2 (Acetone Rinse). Taking care to see that dust on
the ocutside of the probe or other exterior surfacss does not get into the
sasple, quantitatively recover particulats satter and any condensate froa the
probe nozzle, probe fitting, probe liner, and front half of the filter holder
by washing these cocaponents with 100 al of acetone and placing the wash in s
glass container. Nots: The use of exactly 100 al {s necessary for the
subsequent blank correction procedures. Distilled water may be used instead of
acetone when spproved by the Administrator and shall be used when specified by
the Adainistrator; in these cases, save & vater blank and follow the
Adaministrator's directions on analysis. Perfors the acetone rinses as follows:
Carefully resove the probe nozzle and clean the inside surface by rinsing with
acetone froa s wash bottle and brushing with a nonmetallic brush. Brush until
the acetone rinse shows no visible particles, after vhich sake a final rinse of
the inside surface with scetons.

Brush and rinse the inside parts of the Swagelok fitting with acetone in a
similar way until no visible particles resain.

Rinse the probe liner with acetone by tilting and rotating the probe while
squirting acetons into its upper end so that all inside surfaces will be wetted
with acetons. Allow the acstone to druin from the lower end into the sample
container. A funnel may be used to aid in transferring liquid washings to the
container. Follow the acetone rinse with a nonsetallic probe brush. Hold the
probe in an inclined position, squirt acetons into the upper end as the probe
brush is being pushed with a twisting action through the probe; hold a sasple

E-17 ™M@ @xument @ ¢ predavnery een
* g3 not Been farmally releases By L
479 shouid nee ot this stage e conrstrues
% fe0resent Ageney pelicy. Mt is peing
S7%.10103 TeF comment en s tecnaian
SL.uey ana pfloy mollestions



£1-3

Prodbe Liner Front Malf of Pilter Pliter Bupport Lot lnpinger nd & Ire
and Nossle Filter Mousing and Bach Malf (Cupty ot inglingere
of Pliter begloning of (ﬂ))/li))l
Nousing test)
Alnse with Brush with Carelulily
acelone sammetalldic sonove fidter
boush, and frea support Rinee Lhree Messure Measure
siane with wilh Veflen- timee wilh lapinger lupinges
Srush liner asetene cested twessere 0.1 8 centents contents
with nen- and placse in altelic acld
sctellile brush potel Glan I
ond rinse Saply Capty
with asetens contente conlents
Sevsh leses inte into
pesticulate e-t-liu contasiner
Chech Liner ente fllter I I
te see If
particulate Alnee three Rinee three
sengved; If Seel petel times with timee with
et repeat dloh with e.1 n .1 N
otep above tape altric scid altrliec acid
[ 3
Rlnee three Rlase three
tines with Stines wita
o1 0 e.1 0
alirie ocld aiteic acle
!H AR F BH
(3)* @2 () (4)

® Number in parsntheses indicates container nuaber.

Figure A-2,

Sample recovery scheae.

Atk & 5t Last lapinger
lapingere
(Aclalfiee

Measure
lapinger
contents

Capty

Ve lgh for

soleture

Dlecerd

Inte
contalner

Rinees three
timee with

pernanganal o
reagent

Remove any
sesldue with
8 uuC) 20l’n

(5) (6)

Lorpeet pup fowsmom
N,
R Y q‘

-

UWoes w0 caerz.n
4onod deunly uesu.Nos o

.50t g g

¥3 ‘Q pesmy

Yeenee|) duy
EILU%. Q) wo Jus
L 13K TRV
QI PP 1T 00 CCUE Dh .
189 ANBW.Qy weet 104
AYY V1 luuu.uuc.-l "W e



conzainer underneath the lower end of the prebe. and ¢atch any acecone and
parciculate matier which (s brushed through the probe three “izes-or mcre unzi:
no visible particulate zatter is carried cut with the acetone or until none
cezains in the probe liner on visual inspection. Rinse the brush with scetcne,
and gquantitatively collect these washings in the sample container. After the
brushing, nake a final acetone rinse of the probe as described above.

It i{s recozmended that two pecple clean the probe to 3inizize sample
losses. Between sampling tuns, keep brushes clean and protectsd fron
contasmination.

Clean the inside of the front half of the filter holder by rubdbing the
surfaces with a nonsetallic nylon bristle brush and rinsing with acstone.

Rinse each surface three tizes or sore if needed to remove visible particulate.
Make a final rinse of the brush and filter holder. Aftar all scetcne washings
and particulate satter have been collectad in the sample container, tighten the
1id on the sample container so that acetone will not leak ocut when it is
shipped to the laboratory. Mark the height of the fluid level to detersine
whether or not leskage occurred during transport. Label the container clearly
to identify its contents.

$.2.3 Container No. 3 (Probe Rinse). Rinse the probe liner, probe nozzle,
and front half of the filter holder thoroughly with 100 al of 0.1 N anitric acid
and place the wash into & sample storage container. Nots: The use of exactly
100 al is necessary for ths subsequant blank correction procedures. Perfora
the rinses as described in Method 12, Secticn 5.2.2. Record the volume of tha
cosbined rinse. Mark the haight of the fluid level on the cutside of the
storage container and use this sark to detsrmine if leskage occurs during
transport. Seal the container and clearly label the contants. PFinally, rinse
the nozzle, prode liner, end front half of the filter holder with water
followed by acstone and discard these rinses.

5.2.% Container No. & (Impingers 1 through 3., Contants and Rinses). Dus
to the large quantity of liquid involved, the tester say place the impinger
soluticns in msore than one container. MNeasure the ligquid in the first three
izpingers velusetrically to within 0.5 sl using s gradusted cylinder. Record
the voluse of liquid present. This inforsation is cequired to calculate the
soisture content of the saspled flue gas. Clean each of the first three
izpingers, the filter support, the back half of the filter housing, and
connecting glassware by thoroughly rinsing with 100 al of 0.1 N aitric scid as
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descrived in Method 12, Section 5.2.4. Nocte: The use of exac:ly 100 al of ..
N nmatcic acid rinse (s necessary for the subsequent blank corsection
procedures. Co3bine the rinses and izpinger solutions, seasure and reczod -=e
voluze. Calculate the 0.1 N nitric acid rinse volume by difference. Mark :-e
height of the fluid level on the outside of the container to determine if
leakage occurs during transport. Seal the container and clearly label the
contents.

%.2.5 Container No. 5 (Acidified Potassium Permanganate Scluticn and
Rinses, lapingers No. 4 & S). Pour all the liquid froa the perzanganate
izpingers (fourth and fifth, if twe permanganate impingers are used) into a
graduated cylinder and seasure the volume to within 0.5 al. This information
is required to calculats the soisture content of the sampled flue gas. Using
100 sl total of the acidified potassius persanganats solution, rinse the
perzanganate iapinger(s) and connecting glass pieces & sinisum of three tizmes.
Combine the rinsses with the permanganate ispinger solution. Finally, rinse the
perzanganate ispinger(s) and coanecting glassware with S0 al of 8 N HC1 to
rescve any residue. Nots: The use of exactly 100 sl and 50 al for the two
rinses is necessary for ths subsequent blank correction procsdures. Place the
combined rinses and impinger contants in & labeled glass storage bottle. Mark
the height of the fluid level on the ocutside of the bottle to detersine if
leakage ocsurs during transport. See the following nots and the Precaution in
Parsagraph 4.2.2 and properly seal the bottle and clearly label the contents.

Nots: Due to the potential reaction of the potassium permanganats with the
acid, there may be pressure buildup in the sample storage bottles. These
bottles should not de filled full and should be vented to relieve excess
pressure. Venting is highly recomaanded. A No. 70=72 hole drilled in the
coentainer cap and Teflon liner has beean found to allow adequats venting without
loss of sample.

$.2.6 Container No. 6§ (Silica Gel). Note the color of the indicating
silica gel td detarnine whather it has been cospletaly spent and saks a
notation of its condition. Transfer the silica gel from its impinger %o its
original container and seal. The tester say use & funnel %o pour the silics
gel and a rubber policesan to remove the silica gel from the impinger. The
saall amcunt of particles that say adhere to the ispinger wall need not bde
resoved. Do not use water or other liquids to transfer the silics éol since
weight gained in the silica gel impinger is used for soisture calculations.
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Alternatively, if a balance is svailable in the field, record the weizhs of
the spent silica gel (or silica gel plus izpinger) to the nearest 0.5 g.

5.2.7 Container No. 7 (Acetone Blank). Once during each field test, place
10C zl of the scetone used in the sanple recovery process into a labeled
centainer for use in the front half field reagent blank. Seal the container.

5.2.8 Container No. 8 (0.1 N Nitric Acid Blank). Once during each field
test, place 200 al of the 0.1 N nitric acid solution used in the sazple
recovery process into a labeled container for use in the front half and back
half field reagent blanks. Seal the container.

5.2.9 Container No. 9 (5% Nitric Acid/10% Hydrogen Peroxide Blank). Once
during each field test, place 200 sl of the 5% nitric acid/10% hydrogen
peroxide solution used as the nitric acid impinger reagent into s labeled
container for use in the back half field reagent blank. Seal the container.

§.2.10 Container No. 10 (Acidified Potassius Permanganate Blank). Once
during each field test, place 300 ml of the acidified potassius perzanganate
solution used as the ispinger solution and in the sample recovery process into
& labeled container for use in the back half field reagent blank for sercury
analysis. Seal the container.

Note: This container should be vented, as described in Section 5.2.4, to
relieve excass pressure.

5.2.11 Container No. 11 (8 N HCl Blank). Once during each field test,
place 50 al of the 8 N hydrochloric acid used to rinse the acidified potassiua
perzanganate ispingers into s labeled container for use in the back hal?
reagent blank for sercury.

§.2.12 Container No. 12 (Filter Blank). Once during each field test,
place an unused filter from the sase lot as the sampling filters in a labeled
petri dish. Seal the petri dish. This will be used in the front half field
reagent blank.

5.3 Sample Preparation. Nots the level of the liquid i(n each of the
containers and determine if any sasple was lost during shipment. If a
noticeable asount of leakage has occurred, either void the sasple or use
methods, subject to the approval of the Adainistrator, to correct the final
results. A diagras illustrating sasple preparation and analysis procedures for
esch of the sample train components is shown in Figure A-3.

S.3.1 Container No. 1 (Filter). If particulatre emissions are being
deterained, then desiccate the filter and filter catch without heat and weigh to
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a constant weight as described in Section 4.3 of Method §, For analysis of
setals, divide the filter with its filter catch into porcions containing
approxizately 0.5 g each and place into the analyst's choice of either
individual microwave pressure relief vessels or Parr® Boambs. Add 8 ml of
concentrated nitric acid and 4 ml of concentrsted hydrofluoric scid to each
vessel. For microwave heating, aicrowave the sazple vessels for approximately
12-15 minutes in intervals of 1 to 2 minutes at 600 Watts. For conventicnal
heating, heat the Parr Bombs at 140°C (285°F) for 6 hours. Then cocl the
sazples to roos tesperature and combine with the acid digested probe rinse as
required in Section 5.3.3, below.

Notes: 1. Suggested microwave heating tizes are approximate and are dependent
upon the number of sasples being digested. Twelve to 15 minute
hesting times have been found to be acceptable for sisultanecus
digestion of up to 12 individual sasples. Sufficient heating is
evidenced by sorbent reflux within the vesssl.

2. If the sampling train uses an optional cyclone, the cyclone catch
should be prepared and digestad using the sase procedures described
for the filters and cosbined with the digested filter samples.

§.3.2 Container No. 2 (Acetone Rinse). Note the level of liquid in the
container and confirs on the analysis sheet whether or not leakage occurred
during transport. If a noticeadle amcunt of leakage has occurred, either void
the saaple or use methods, subject to the approval of the Administrator, to
correct the final results. Measure the liquid in this container either
volumetrically to +1 al or gravisetrically to +0.5 g. Transfer the contants to
an scid-cleaned tared 250-ul beaker and evaporste to dryness at asbient
tesperature and pressure. If particulate eaissions are being deterained.
desiccate for 28 hours without heat. weigh to s constant weight sccording %o
the procedurss descrided in Section 4.3 of Method 5, and report the results to
the nearest 0.1 mg. Resolubilize the residus with concentrsted nitric acid and
cosbine the resultant sample including all liquid end sny particulats satter
with Container No. 3 prior to beginning the following Section 5.3.3.

5.3.3 Container No. 3 (Probe Rinse). The pH of this sample shall be 2 or
lower. If the pH is higher, the sasple should be scidified with concentrated
nitric acid to pH 2. The sample should be rinsed into a besker with watsr and
the beaker should be covered with a ribbed watchglass. The sasple volumse should
be reduced to approximately 50 sl by heating on a hot plats at & m'porn:ur.
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Just belcow Doiling. Inspect the sasple for visible parziculate matter, and
depending on the resulis of the inspection, perfora one of the following., :f =c
sarcicu.ate DatIer i chserved, csabine the sample directly wizh the actid

diges:ed portions of the filzer prepared previously in Seection 5.3 1. 2¢
parcicilate nattier i3 cbserved, digest the sample in microwave vessels or Pa-~="
3cabs fol.owing the procedures described in Section 5.3.1; then coabine the
resultans sazple disectly with the acid digested portions of the filter prepared
previously in Section 5.3.1. The resultant coabined saaple is referred to as
Fraction 1. Filter the combined solution of the acid digested filter and prode
rinse sazples using Whataan 541 filter paper. Dilute to 300 al (or the
appropriate voluze for the expected metals concentration) with water. Measure
and record the combined volume of the Fraction 1 solutien to within 0.1 al.
Quantitatively remove a 50 al aliquot and label as Fraction 1B. Label the
resaining 250 al portion as Fraction 1lA. Fraction 1A is used for ICAP or AAS
analysis. Fraction 1B is used for the deteraination of front half sercury.

5.3.4 Container No. 4 (Ispingers 1-3). Measure and record the total vol-
une of this sample (Fraction 2) to within 0.5 al. Resove a %0 =l aligquot for
gsercury analysis and label as Fraction 2B. Label the resaining porticn of
Container No. 4 as Fraction 2A. The Fraction 28 aliquot should be prepared and
analyzed as described in Section $5.4.3. Fraction 2A shall be pH 2 or lower.

If necassary, use concentrated nitric acid to lower Fraction 2A to pH 2. The
sazple should be rinsed into a beaksr with water and the beaker should be
covered with a ribbed watchglass. The sasple volume should be reduced %o
spproxizately 20 al by heating on a hot plate at a tesperature just below
boiling. Then follow either of the digestion procedures described in Sections
5.3.4.1 and 5.3.5.2, below.

%$.3.4.1 Conventional Digestion Procedure. Add 30 al of S0 percent nitric
acid and heat for 30 sinutes cn a hot plate to just below boiling. Add 10 =l of
3 percant hydrogen peroxide and heat for 10 sore ainutes. Add 50 sl of hot
water and heat the sample for an additional 20 minutss. Cool, filter the
sazple, and dilute to 150 al (or the appropriate volume for the expected setals
concentrations) with water.

5.3.4.2 Microwave Digestion Procedure. Add 10 =l of 50 percent nitric
acid and heat for 6 minutes in intervals of 1 to 2 ainutes at 600 Watts. Allow
the saaple to cool. Add 10 sl of 3 percent hydrogen peroxide and heat for 2
more sinutes. Add 50 al of hot water and heat for an additional % ainutes.
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Cool, filter the saaple, and dilute to 150 al (or the appropriate volume for --e
expected metals concentrations) with water.

Note: All alcrowave heating times given are approximate and are deperden:
upon the number of samples being digested at a time., Heating times as given
above have been found acceptable for sisultaneous digestion of uyp to 12
individual sasples. Sufficient heating is evidenced by solvent reflux within
the vessel.

§.3.5 Container No. 5 (Impingers 4 & 5). Measure and record the total
voluse of this sample to within 0.5 al. This sasple is referred to as Fraction
3. Follow the analysis procedures described in Section 5.4.3.

5.3.6 Container No. 6 (Silica Gel). Weigh the spent silica gel (or silica
gel plus izpinger) to the nearest 0.5 g using & balance. (This step
say be conducted in the field.)

5.4 Sample Analysis. For each sampling train, five individual sasples are
generated for analysis. A schesmatic identifying each sasple and the prescribed
sasple preparation and analysis schese is shown in Figure A-3. The first two
sasples. labeled Fractions 1A and 1B, consist of the digested samples froa the
front half of the train. Fraction 1A 1is for ICAP or AAS analysis as described
in Sections 5.4.1 and/or 5.53.2. Fraction 1B is for detsraination of front half
sercury as described in Section 5.4.3.

The back half of the train was used to prepare the third through fifth
saaples. The third and fourth saaples, labeled Fractions 2A and 2B, contain
the digested sasples from the H,0 and HNO,/R,0, Ispingers ! through 3. Fraction
2A is for ICAP or AAS snalysis. Fraction 2B will be analyzed for sercury.

The fifth sasple, labeled Fraction 3, consists of the impinger contents and
rinses fros the persanganate Impingers 4 and 5. This sample is analyzed for
sercury as described in Section S5.4.3. The total back half sercury catch is
deterzsined from the sus of Fraction <8 and Fractiom 3.

5.4.1 ICAP Analysis. Fraction 1A and Fraction 2A are analyzed by ICAP
using EPA Method 200.7 (MO CFR 136, Appendix C). Calibrats the ICAP, and set up
an analysis progrsa as descridbed in Method 200.7. The quality control proce-
dures described in Section 7.3.1 of this sethod shall be followed. Recomaended
wavelengths for use in the snalysis are listed below.
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Elesent Waveleng=h (na)

Aluzinua 3c8.215

Antizony 206.833

Arsenic 193696 ™ aocu~ent lg o orelmisyvy 21

Sariua L4s5.4C3 * RE 0! Dmen forma.ly reisqsed S O

Seryllium 313.042 70 shouig "ot at WS slage De zs-t .

Cadziua 226.502 ‘_,"f"‘:ﬂ; Ag;m‘ paver. e
{ - ’ ‘ge~=.2a

asen I LT I

Iron 259.940

Lead 220.353

Maniganese 257.610

Nickel 231.604

Selenius 196.026

Silver 328.068

Thallius 190.864

Zine 213.8%6

The wavelengths listed are recomaended decause of their sensitivity and cverall
acceptance. Other wavelengths say be substituted if they can provide the
needed sensitivity and ars treatsd with the sase corrective techniques for
spectral interference.

Initially, analyze all samples for the target setals plus iren and
aluainus. If iron and aluminus are present in the sasple, the sasple may have
to be diluted so that each of these elesents is at & concantratica of less than
S0 pps to reduce their spectral interferences on arsanic and lead.

Nots: When analyzing samples in & hydrofluoric acid satrix, en alumina
toreh should be used; since all front half samples will contain hydrofluoric
acid, use an aluming torch.

§.4.2 AAS by Direct Aspiration and/or Grsphite Furnace. If analysis of
setals in Fraction 1A and Fraction 2A using graphite furnace or direct
aspiration AAS is desired, Table A-2 should be used to deteraine vhich
techniques and sethods should be applied for each target setal. Table A-2
should also be consulted to determine possidle intsrferences and techniques o
be followed for their sinimization. Calibrats the instrusent according to
Secticn 6.3 and follow the quality control procedures specified in Section
7.3.2.

5.5.3 Cold Vapor AAS Mercury Analysis. Frsction 1B, Fraction 28, and
Fraction 3 should be analyzed for sercury using cold vapor atomic absorption
spectroscopy following the sethod outlined in EPA Method 7470 or in Standard

Methods for Water and Wastewatsr Analysis, 15th Edition, Method 303F. Set wp
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TABLE A-2. APPLICABLE TECHNIQUES, METHODS, AND MINIMIZATION OF INTEFERENCE FOR AAS ANALYSIS
Metal | Technique | Method Wavelength Interference
No. {nm) Cause Minimizalion
Sb Aspication | 7040 217.6 1000 mg/ml Pb Use secondary wavelenght of 231.1 na.
. Ni, Cu, or acid Match semple & standards acid concentration
or use nitrous oxide/acetylene flame
Sb Furnace J0A1 217.6 High Pb Secondary wavelength or Zceman correction
As Furnace 7060 193.7 Arsenic volati - Spiked samples & add nickel nitrate solution
sation to digestates prior to analyses
Aluainiuae Use Zeesan background correction
Ba Aspiration | 7080 553.6 Calciua High hollow cathode current & narrow band set
Berium jonization | 2 al of KC1l per 100 al. of sample
Be  [Aspiration | 7090 | 23.9 500 ppa Al Add 0.1% Mdfride
High g & Si Use method of standard additions
Be Purnace 7091 2.9 Be in optical path| Optiaize parasetera to miminize effects
Ccd Aspiration | 7130 228.8 Absorption & light| Background correction is required
scattering
cd Purnace 7131 228.8 As above As above
Bxceas chloride Ansonius phosphate used as a matrix modifier
Pipet tips Use cadaium-free tips
Ce Aspiration | 7190 357.9 Alkali metal KC1l ionization suppressant in sample L stand
Absorption & scatt| Consult manufacturer's literature
Cr* Furnace 7191 357.9 200 ag/L. calcium All calcium nitrate for a know constant effect
L phosphate and to eliminate effect of phosphate
(continued)
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TABLE A-2 (CONTINUED)

Contamination

Great care taken Lo aviod contiamingt ton

Matrix modifier, add 10 ul. of phosphorus acld
to 1-ml. of prepared sample 1n sumpler cup

Matrix matching or a nitrous-oxtde/ucety (lama
Spike samples & reference materials L add nickel

Background correction 13 required & Zeeasn

Avoid hydrochloric ecid unless silver {3 in

Sasple L standards sonitored for apiration rate

Verify that lossas are not occuring for
volitizavion by spiked samples or standad addt
Palladium is a sultable matrix modifier

Mutal Technique | Mcethod Wavelengih Intecference
No. {om) Cause Minimlzation
Cu Aspiration | 7210 32h.7 Absorpt & scaller | Consult aanufaclurer's manual
Fe Aspiration | 7380 248.3 Contamination
PbL Aspiration | 7420 283.3 217.0 na alternat | Hackground correction required
Pb Furnace 7821 283.3 Poor recoveries
Mo Aspiration | 7460 219.5% 403.1 n= alternat | Background correction required
Ni Aspiration | 7520 232.0 352.4 na alternat | lackground corcection requiced
Fa, Co, &L Cr
Nonlinear respons | Sample dilution or use.352.4 na line
Se Purnace 7180 196.0 Volitelity
nitrate to ainiaize volatidization
Adsorpt L acatter
background correction can be uscful
Ag Aspiration | 7760 328.1 Absorpt & scatter | Background correclion is required
AgCl fnsocluble
solution as a chloride coaplex
Viscosity
‘1) Aspiration | 7840 276.8 Background correction ia required
llydrochloric acid should not be used
Tl Purnace 7641 276.8 Background correction is required
Hydrochloric acid
or chloride
Zn Agpiration | 7950 213.9 High S1, Cu b P Strontiua removes Cu and phosphato

Care should be taken to avid contasination
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